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19.  ABSTRACT  (cont'd) 

/  When  animals  were  exposed  to  a  low-level  (.5  gauss)  60  Hz  magnetic  field  combined 
with  a  low-level  static  magnetic  field  (about  half  the  earth’s  field)  they  consistently 
exhibited  changes  in  the  rate  and  pattern  of  responding  during  the  DRL  component  of  the 
multiple  FR  DRL  reinforcement  schedu I e . /LBy  contrast,  no  measurable  changes  were  evidenced 
following  exposures  to  the  static  field  alone  or  to  the  oscillating  field  alone.  The 
observed  changes  in  performance  on  the  ( DRL  schedule  indicate  that  under  very  precise 
conditions,  extremely  weak  60  Hz  magnetic  fields  may  have  an  effect  of  the  behavior  of 
animals.  The  data  suggest  that  static  magnetic  fields,  similar  in  strength  to  the 
earth's  magnetic  field,  can  alter  the  effects  of  weak  alternating  fields  on  an  animal's 
behav i or . 
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I .  INTRODUCTION  AND  PURPOSE: 

In  recent  years  studies  have  been  published  that  indicate  alterations  of 
behavior  as  a  result  of  exposure  to  e I ectromagnet ic  fields.  Evidence  for 
behavioral  change  following  exposure  to  electromagnetic  fields  in  the  micro- 

wave  frequencies  is  well  established  (24).  The  evidence  for  behavioral 

effects  of  exposure  to  extremely  low-frequency  (ELF)  fields,  however,  is 

inconsistent  and  less  well  documented.  The  presence  of  60  Hz  electric  and 
magnetic  fields  in  the  environment  produced  by  high  voltage  overhead  power 

transmission  lines  represents  a  source  of  concern  for  populations  continually 
exposed  to  those  fields.  In  response  to  the  establishment  of  a  research 

program  by  New  York  State  to  determine  potential  biohazards  arising  from 

exposure  to  the  electric  and  magnetic  fields  produced  by  overhead  transmission 
lines,  the  present  research  studies  are  concerned  with  the  detection  and 
analysis  of  potential  behavioral  effects  which  may  be  produced  by  such  fields. 

The  types  of  behaviors  that  have  been  studied  in  relation  to  low 

frequency  electromagnetic  field  effects  ranges  from  activity  measures  to 

schedu I e-contro I  I ed  operant  behavior.  In  a  study  of  activity  level  (29)  mice 
were  exposed  to  60  Hz  magnetic  fields  with  an  average  flux  density  of  1.7 

mWo/m^  for  48  hours.  Activity  counts  with  the  field  on  were  elevated  as 
compared  to  pre  and  post  exposure  conditions  and  a  sham  exposed  control  group. 
In  another  study  of  activity  level  (28),  however,  rats  that  were  raised  in  an 

electric  field  apparatus  and  exposed  to  25  kv/m  at  60  Hz  for  five  weeks  showed 

no  significant  changes  in  activity  level  as  compared  to  a  sham  exposed  control 
group. 

In  the  area  of  schedule-controlled  operant  behavior  a  series  of  experi¬ 
ments  reported  by  delorge  (6,7,8)  and  deLorge  and  Marr  (10)  failed  to  detect 
any  reliable  behavioral  changes  as  a  result  of  I ow- i ntens i +y  low-frequency 
electromagnetic  fields.  These  investigators  reported  data  from  rhesus 
monkeys,  pigeons  and  rats  exposed  to  fields  ranging  from  7  to  75  Hz  with 
magnetic  and  electrical  field  densities  of  2  or  10  g  and  7.4  or  100  V/m, 
respectively.  The  behavioral  phenomena  investigated  included  tests  of  an 
animal',  ability  to  detect  ELF  fields;  FLF  effects  on  reaction  time,  matching 
to-sample,  and  temporal  discrimination  performances;  and  effects  on  fixed- 
interval  and  concurrent  chain  schedules  of  reinforcement.  In  some  cases  trr 
animals  were  exposed  for  very  brief  time  periods  and  in  ether  instances 
exposure  lasted  for  days.  The  authors  reported  no  detectable  change  in 


1 


behavior  under  any  of  the  conditions  studied.  Two  studies  investigating  the 
effects  of  ELF  fields  with  monkeys  performing  on  d i f f erent i a  I -re i nforcement- 
of-low-rate  (DRL)  schedules  reported  shifts  in  inter-response  time  (IRT) 
distributions  as  a  result  of  electromagnetic  field  exposure.  In  one  study 
exposure  to  a  2.8  V/m  7-Hz  field  for  4  hours  resulted  in  shifts  toward  shorter 
IRT's  (14).  The  authors  later  extended  the  study  and  found  similar  changes 
with  fields  of  10  and  56  V/m  at  7  Hz  and  75  Hz,  respectively  (15).  One  other 
study  (9)  reported  inconsistent  differences  in  IRT  distributions  as  a  result 
of  2  hr  daily  exposures  to  either  a  15  or  45  Hz  magnetic  field  for  5  days.  In 
the  case  of  45  Hz  fields  3  of  4  animals  showed  significant  shifts  in  IRT 

distributions  and  with  the  15  Hz  field  2  of  4  animals  showed  significant  IRT 
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shifts.  The  magnetic  field  strength  was  between  8.2  and  9.3x10  T. 

T e  literature  indicates  that  behavioral  effects  of  ELF  fields  have  not 
been  studied  intensely  and  that  the  existing  findings  are  inconsistent.  The 
purpose  of  this  aspect  of  the  research  studies  was  to  investigate  the  inter¬ 
action  between  ELF  fields  and  schedule-controlled  behavior  following  ELF 
exposures. 

A  wide  range  of  studies  have  indicated  possible  biological  interactions 
between  agents  that  affect  the  central  nervous  system  of  an  organism  and 
exposure  to  electromagnetic  fields.  Pharmacological  compounds  which  have 
their  major  central  nervous  system  actions  on  behavior  may  have  their  effect 
modified  by  exposure  to  electromagnetic  fields  modulated  at  extremely  low 
frequencies.  Any  possible  effect  of  exposure  to  levels  of  electromagnetic 
radia+ion  that  may  change  the  safety  range  and  efficacy  of  standard  drugs  and 
medications  used  by  a  populace  exposed  to  the  electromagnetic  fields  produced 
by  overhead  transmission  lines  is  potentially  hazardous.  There  is  a  need  for 
a  beginning  of  a  systematic  evaluation  ot  the  possible  behavioral  effects  of 
pharm  ico log i ca  I  and  chemical  agents  in  an  environment  of  electric  and  magnetic 
fields  produced  by  60-Hz  high  voltage  overhead  power  transmission  lines. 

In  recent  years  an  increasing  number  of  studies  have  reported  inter¬ 
actions  between  drugs  that  effect  the  central  nervous  system  and  exposure  to 
electromagnetic  radiation  in  the  microwave  frequencies  (1,5,12,13,16,22,30, 
31).  Galloway  (12)  and  Galloway  and  Waxier  (13)  reported  that  fenfluramine 
and  p-ch i oropheny I  a  I  am i ne  combined  with  383  or  or  2450  MHz  microwave  exposure 
produced  changes  in  the  conditioned  behavior  of  monkeys  greater  than  drug  or 
microwave  effects  alone.  Cleary  and  Wagemann  (5)  shewed  that  the  duration  of 


i 

pentobarb i ta I - i nduced  sleeping  time  in  rabbits  was  decreased  by  exposure  to 

|  1.7  and  2.45  GHz  microwave  radiation.  Lai,  et  al.  (19)  reported  that  the  time 

to  onset  of  loss  of  righting  reflex  in  rats  produced  by  phenobarb  i  ta  I  was 

2 

shortened  by  45  min-exposure  to  2450  MHz  microwave  at  I  mW/cm  .  Wesler  and 
Frey  (53)  indicated  that  low  intensity  microwaves  interact  with  the  effects  of 
apomorphine  on  the  behavior  of  rats.  Evidence  of  the  combined  effects  of 
microwave  radiation  and  d-amphetam i ne  was  reported  by  Thomas  and  Maitland  (31) 
on  the  behavior  of  rats  conditioned  to  respond  on  a  DRL  schedule.  Thomas, 
Burch,  and  Yeandle  (30)  reported  that  a  30-min  exposure  to  low-level  microwave 
radiation  in  the  near  field  potentiated  the  rate- i ncreas i ng  effects  of 
ch I ord i azepox i de  on  the  responding  of  rats  maintained  by  a  f i xed- i nterva I 
schedule  of  re i n forcement .  Sessions  (26)  reported  that  the  interaction  of 
ch I ord i azepox i de  with  microwaves  on  f i xed- i nterva I  behavior  was  not  obtained 
in  a  waveguide  exposure  system  and  Lundstrome  et  al.  (23)  indicated  that  the 
interaction  was  not  obtained  in  a  far-field  condition.  Johnson  et  al  (17) 
found  an  interaction  between  diazepam  and  microwaves  on  the  behavior  of  rats. 
Thomas,  Schrot,  and  Banvard  (32),  however,  found  that  the  dose-effect  function 
of  diazepam  and  ch I orpromaz i ne  was  not  altered  by  exposure  to  microwaves. 

A I ’■hough,  the  above  current  literature  indicates  that  under  many  con¬ 
ditions  the  effects  of  various  drugs  are  modified  by  exposure  to  electromag¬ 
netic  radiation  in  the  microwave  frequencies,  the  actions  of  drugs  in  the 
presence  of  low-frequency  (60  Hz)  electromagnetic  fields  are  practically 
unknown.  The  objective  of  this  aspect  of  the  research  was  to  extend  previous 
findings  on  the  interaction  between  drugs  and  microwave  exposures  on  schedule- 
controlled  behavior  to  very-low  frequency  electromagnetic  exposures.  Specif¬ 
ically,  the  purpose  was  to  determine  if  exposure  to  60  Hz  electromagnetic 
fields,  similar  to  those  generated  under  power  lines,  in  any  way  changes  or 
modifies  the  effects  of  two  psychoac+ive  pharmaco I oq i ca I  compounds,  ampheta¬ 
mine  arid  ch  lord  i  azepox  i  de,  on  behavior. 

It  has  been  sugqes+ed  that  the  biological  response  cf  organisms  to 
low-frequency  al+t-rnatina  magnetic  fields  may  be  modified  by  weak  static 
magnetic  fields,  similar  tc  that  of  the  earth’s  magnetic  field.  The  sugges- 
*  icr  implies  that  low-static,  fields  may  he  direct  iy  involved  in  a  wide  range 
of  responses  t  a  low-  love  I  e  I  or 4  r  i  i  at  mainotic  fields  that  are  frequency 

reported  +ha4  oar4  i  cu  I  or  corrb  i  nations  of 
s  ratic  f  i  •  ■  I d  s 
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II.  METHODS: 


A .  Subjects : 

The  animals  used  in  the  present  research  were  male  Long-Evans  hooded 
rats,  approximately  200  days  old  at  the  start  of  conditioning  and  weighing 
about  340  g.  The  animals  were  maintained  at  approximately  80$  of  their 
free-feeding  weights  throughout  the  studies  by  food  presented  during  experi¬ 
mental  sessions  and  by  post-session  supplemental  feeding.  They  were  individ¬ 
ually  h<  used  in  a  temperature-contro I  I ed  room  with  a  12-h  light/dark  cycle 
that  began  at  0600  h.  Water  was  continuously  available  in  the  home  cage. 

B.  Behavioral  Baselines: 

The  animals  performed  daily  in  a  rodent  test  chamber  enclosed  in  a 
sound-attenuated  housing.  The  test  chamber  contained  a  small  response  lever 
mounted  on  the  front  wall,  two  pilot  lights  above  the  lever,  a  house  light,  a 
speaker,  and  a  hopper  connected  by  a  sh  rt  tube  to  a  feeder  located  behind  the 
front  wall  that  could  dispense  45  mg  food  pellets.  Experimental  sessions 
usually  lasted  for  one  hour  each  day  and  were  conducted  five  days  per  week 
(Monday  throuch  Friday).  Programming  and  recording  of  sessions  were  accomp¬ 
lished  automatically  by  a  computer  control  system.  Three  identical  test 
chamber/computer  systems  were  used  concurrently.  The  animals  were  trained  on 
a  multiple  fixed-ratio  (FR)  d  i  f ferent i a  I -re i nforcement-of- I ow-rate  (DRL) 
reinforcement  schedule  that  required  responding  on  the  response  lever  to 
produce  food  pellets  (11).  The  multiple  schedule  was  such  that  when  a  red 
pilot  light  above  the  lever  was  illuminated  and  a  tone  was  present,  a  FR  or 
counting  schedule  was  in  effect  (11).  On  this  schedule  a  rat  was  required  to 
press  the  lever  30  times  ( FR  30)  to  produce  a  pellet.  A  FR  schedule  generates 
a  rather  high  and  constant  rate  of  responding.  When  a  green  pilot  light  above 
the  lever  was  illuminated  and  no  tone  was  present,  a  DRL  or  timing  schedule 
was  in  effect  (11).  On  the  DRL  schedule  a  pellet  was  produced  by  a  response 
on  the  lever  that  followed  a  preceding  lever  response  by  at  least  18  seconds 
(DRL  18).  A  limited  hold  contingency  was  added  to  the  DRL  such  that  a 
response  could  net  produce  a  pellet  if  it  followed  a  preceding  response  by 
more  than  24  seconds  (limited-hold  of  six  seconds).  The  DRL  schedule 
generally  produces  a  low  arid  steady  response  rate  with  the  highest  frequency 
of  i nter -response  times  distributed  around  the  DRL  value.  The  FR  and  DRL 
schedules  alternated  unsystematically  with  each  other  during  a  session  and 
each  schedule  was  in  effec+  ‘or'  three  minutes  at  a  + i me .  m  30  second  t i me-ou+ 


period,  during  which  all  lights  in  the  chamber  were  off,  separated  the 
termina'ion  of  one  schedule  and  the  beginning  of  the  next.  A  response  on  the 
lever  dicing  the  time-out  extended  the  period  by  30  seconds.  The  total  number 
of  responses  emitted  during  each  of  the  multiple  schedule  components  was 
recorder  for  each  subject  throughout  a  daily  session.  Daily  response  rates 
were  calculated  by  dividing  the  total  responses  in  each  component  by  the 
amount  >■  r  session  time  spent  in  each  component.  Response  rates  (responses  per 
semnd)  served  as  the  main  behavioral  data  throughout  the  series  of  studies. 
In  addition,  the  temporal  distribution  of  responses  was  recorded  for  the  DRl. 
schedule  to  allow  an  analysis  of  the  patterning  of  responses  in  time. 
Cumulative  response  records  were  also  recorded  for  each  animal  for  each  daily 
session.  Several  months  of  exposure  to  daily  sessions  of  the  multiple  FR  DRL 
schedule  established  stable  baseline  and  control  rates  and  patterns  of 
responding.  During  experimental  manipulations,  the  behavioral  data  was 
evaluated  by  comparing  the  same  animal's  response  rate  and  pattern  of 

responding  on  the  FR  and  DRL  schedules  during  baseline  or  control  sessions 
with  its  performance  during  field  exposure  sessions. 

C .  Exposu re  Fac i I i t i es : 

The  facility  for  exposing  the  animals  to  60  Hz  electric  and  magnetic 
fields  consisted  of  four  identical  exposure  systems.  Each  system  contained 

two  parallel  21.!;  cm  x  30.4  cm  plates  with  a  10.1  cm  spacing  for  generation  of 

the  electric  field.  The  plates  were  localed  along  the  axis  of  three  magnetic 

field  ''oils  separated  from  each  other  by  about  13.5  cm.  The  coil  diameters 
were  about  31.5  cm.  The  magnetic  field  produced  in  the  exposure  system  was  a 
linearly  polarized  field.  During  field  exposures  the  rats  were  constrained  in 
a  plexiqlas  enclosure  I  ora  ted  near  +he  center  of  the  bottom  plate.  The  inside 
heiqht  of  the  enclosure  was  about  5.3  cm.  The  60  Hz  magnetic  field  was 
directed  horizontal lv  along  an  animal's  long  axis.  The  power-supplies  of  the 
e lectror tenet i c  t  it  Ids  were  enclosed  in  a  closed,  lockable  console  such  that 
technicians  handling  the  animals  and  conducting  the  behavior  experiments  were 
unaware  of  the  specific  exposure  conditions.  The  tota I  earth's  field  in  the 

_  C, 

area  of  +he  e»p;o-.gre  systems  was  measured  at  4 .04  x  10  tesla.  The  60  Hr 
!,i'-c;rraa;  e  - '  ' "!  1 1 1 -d  to  !•<  <  i  >  U  tesla  rr.s.  Detailed  description  of 

ti-'ld  r  h  ■  :  *er  i  •  *  .  within  th.  "-c.-ur,  ant  ;(  n  +  rc 1  are<i..  may  be  t.ijnd  in  a 
r-  1  .  |  n  ,r<  <  t  ’tar.  c  ■  r.Hc  (25).  F'hi  to  tr.jph-.  p  +  an  exposure 


Over  the  course  of  several  months,  the  animals  were  exposed  for  30 
minutes  at  a  time  immediately  preceding  a  one  hour  session  to  specific 
electromagnetic  fields.  Animals  were  exposed  to  a  particular  30  minute 
electromagnetic  field  conf igurat ion  for  a  minimum  of  two  replications.  Each 
animal  was  usually  exposed  to  a  field  no  more  than  twice  during  a  week 
(usually  Tuesday  and  Friday),  with  baseline  sessions  preceding  and  following 
the  exposures.  Before  the  effects  of  the  magnetic  fields  were  studied,  the 
animals  were  adapted  over  a  number  of  weeks  to  the  plexiglas  housing  by  being 
placed  in  it  for  30  minutes  before  a  session  until  baseline  performance  with 
and  without  the  housing  was  the  same.  During  the  course  of  the  studies  the 
animals  were  also  placed  in  the  holder  for  30  minutes  before  a  session  with  no 
fields  present  as  a  sham  control. 

D.  Behavioral  Effects  of  Electromagnetic  Fields: 


One  group  of  five  animals  (designated  as  rats  1,  2,  3,  4,  and  5)  was 
exposed  first  to  linearly  polarized  magnetic  fields  and  then  to  a  combination 
of  magnetic  fields  and  an  electric  field.  The  effects  of  linearly  polarized 
magnetic  fields  alone  on  the  multiple  FR  DRL  schedule  were  investigated  at  .5, 
1,  3,  and  5  gauss.  The  effects  of  the  magnetic  fields  combined  with  an 
electric  field  of  I  kv/m  were  also  investigated  at  .5,  1,  3,  and  5  gauss.  The 
exact  order  and  dates  of  exposure  conditions  for  each  subject  are  indicated  in 
Tables  1  through  5. 

As  no  systematic  behavioral  effects  were  observed  for  any  of  the  above 
exposure  conditions,  the  five  subjects  were  further  exposed  to  magnetic  fields 
of  both  1  and  3  gauss  combined  with  a  1  kv/m  electric  field  for  an  exposure 
duration  of  one  hour.  The  animals  were  also  further  exposed  to  a  combination 
cf  3  gauss  and  1  kv/m  30  minutes  daily  for  one  week.  (See  Tables  1  through 
5)  . 

E.  Behavioral  Effects  of  Druqs  and  Electromagnetic  Fields: 


Two  groups  of  animals  were  used  to  investigate  the  potential  inter¬ 
actions  between  two  psychoactive  drug  classes  and  electromagnetic  fields.  One 
group  of  five  animals  (designated  as  rats  6,  7,  8,  9,  and  10)  was  administered 
d-amphetam  i  ne  sulfate  at  a  dose  of  1  mg/kg.  A  second  group  of  five  animals 
(designated  as  rats  11,  12,  13,  14,  and  15)  was  administered  ch I ord i azepox i de 
hydroch I  or i de  at  a  dose  of  10  mg/kg.  Rat  14  was  removed  from  the  experiments 
early  due  to  the  development  of  chronic  dental  problems. 


Drugs  were  dissolved  in  saline  in  a  volume  of  0.1  ml/100  g  of  body  weight 
and  were  administered  i ntraper i tonea I  I y  30  minutes  before  the  start  of  an 
experimental  session.  The  drugs  were  administered  initially  without  the 
presence  of  electromagnetic  fields  in  the  exposure  facility.  The  animals  were 
then  given  the  drugs  while  exposed  to  the  electromagnetic  fields.  The  animals 
were  exposed  to  a  particular  field  configuration  immediately  after  drug 
administration  during  the  30  minute  period  before  an  experimental  session. 
The  behavioral  drug  effects  combined  with  the  magnetic  and  electric  fields 
were  measured  during  the  experimental  session  immediately  after  termination  of 
the  30  minute  field  exposure.  Saline  control  sessions  and  drug  only  control 
sessions  were  occasionally  run.  The  two  drugs  were  administered  both  alone 
and  in  combination  with  a  range  of  field  exposures.  The  effects  of  linearly 
polarized  magnetic  fields  combined  with  either  amphetamine  or  ch lordiazepoxide 
were  investigated  at  .5,  1,  3,  and  5  gauss.  Also,  the  behavioral  effects 
produced  by  exposure  to  magnetic  fields  of  .5,  1,  3,  and  5  gauss  combined  with 
an  electric  field  of  1  kv/m  were  explored  with  both  drugs.  The  particular 
sequence  of  exposure  to  drugs  and  field  conditions  are  presented  for  the 
amphetamine  group  in  Tables  18  through  22  and  for  the  ch I ord i azepox  i  de  group 
in  Tables  35  through  38. 

F .  Behavioral  Effects  of  Combined  Static  and  Oscillating  Magnetic 

Fields: 

A  second  set  of  magnetic  coils  with  a  vertical  axis  surrounding  the 
exposure  facility  was  constructed  and  added  to  the  exposure  apparatus 
described  in  Section  C.  above.  A  photograph  of  the  second  set  of  magnetic 
coils  may  be  seen  in  Figure  3.  The  entire  exposure  facility  with  the 
additional  coils  in  place  is  shown  in  Figure  4.  The  exposure  equipment 
consisted  of  two  Flelmholtz  coil  arrays,  one  with  a  horizontal  component  and 
one  with  a  vertical  component.  The  outer  coil  set  was  used  to  apply  a 
vertical  magnetostatic  field  opposite  in  direction  to  the  vertical  component 
of  the  local  geomagnetic  field,  and  perpendicular  to  the  linearly  polarized  60 
Hz  field.  The  mean  coil  diameter  of  the  outer  array  was  51.75  cm  and  the  coil 
separation  was  25.1  cm.  The  first  group  of  animals  (1,  2,  3,  4,  and  5)  were 
exposed  for  30  minutes  at  a  time  immediately  preceding  a  one  hour  experimental 
session  to  a  combination  of  low-level  magnetic  fields  in  the  two  coil  array 
apparatus.  The  magnetic  field  consisted  of  two  components:  an  oscillating 
field  and  a  static  field.  The  oscillating  field  was  a  60  Hz  magnetic  field 


directed  horizontally  along  each  animal's  long  axis.  The  amplitude  of  the  60 
Hz  field  was  set  at  .5  gauss.  Concurrently,  the  animals  were  exposed  to  a 
static  magnetic  field  with  an  amplitude  of  260  mi  I  I igauss  produced  by  the 
second  set  of  Helmholtz  coils  located  outside  of  the  oscillating  coils. 
Animals  were  exposed  to  the  30  minute  combined  magnetic  field  configuration 
for  f  ive  replications.  Each  animal  was  exposed  to  the  field  no  more  than 
twice  during  a  week,  with  baseline  sessions  preceding  and  following.  The 
animals  were  additionally  exposed  to  the  static  field  alone  without  the  60  Hz 
oscillating  field  for  five  replications  and  to  further  replications  of  the  .5 
gauss  60  Hz  field  vector  alone.  Sham  exposures  consisted  of  no  current  being 
applied  to  the  magnetic  coils.  The  particular  order  of  and  dates  exposure  to 
the  different  magnetic  field  regimens  are  presented  for  each  of  the  five 
subjects  in  Tables  49  through  53. 


III.  RESULTS: 


A.  Behavioral  Baselines: 

Several  months  of  training  and  exposure  to  daily  sessions  (five  days 
per  week)  on  the  multiple  ER  DRL  schedule  produced  stable  baseline  response 
rates  and  patterns  of  responding.  A  representat i ve  baseline  performance  may 
be  seen  for  one  subject  in  Figure  1  1  ,8.  The  FR  schedule  generated  a  high 
response  rate  with  occasional  brief  pauses  following  delivery  of  food  pellets. 
The  DRL  schedule  generated  a  low  response  rate,  with  the  highest  occurrence  of 
inter-response  times  near  the  18  second  DRL  valve.  The  overall  mean  baseline 
response  rate  of  all  subjects  on  the  FR  schedule  was  3.545  responses  per 
second.  The  mean  response  rate  of  all  subjects  on  the  DRL  schedule  was  0.055 
responses  per  second.  Individual  subject's  baseline  response  rates  may  be 
found  in  Tables  1  to  5,  18  to  22,  35  to  38,  and  49  to  53.  For  all  electromag¬ 
netic  field  exposure  conditions,  the  behavioral  data  was  evaluated  by 
comparing  an  individual  subject's  response  rati;  and  pattern  of  responding  on 
the  FR  and  DRL  schedules  during  field  exposure  sessions  with  its  performance 
during  baseline  sessions. 

B.  Behavioral  Effects  of  Electromagnetic  Fields: 

The  effects  of  linearly  polarized  magnetic  fields  alone  were  inves- 
tigatec  for  five  animals  (rats  1,  2,  3,  4,  and  5)  at  .5,  1,  3,  and  5  gauss. 
t;c  systematic  behavioral  changes  on  the  multiple  schedule  were  observed  at  any 
ct  the  four  field  intensities.  Individual  response  rate  data  may  be  found  in 
Tables  1  to  5.  Data  in  those  tables  is  presented  in  both  absolute  response 
rate  format  and  percent  of  baseline  control  ($  cont)  format.  Magnetic  fields 
<■  omb  i  ned  with  an  electric  field  of  1  kv/m  were  also  investigated  a+  .5,  1,  3, 
and  5  gauss.  Again,  no  systematic  behavioral  effects  were  observed  for  any  of 
+hi‘  exposure  conditions.  Response  rate  data  for  the  individual  subjects 

exposed  to  the  combined  fields  are  also  shown  in  Tables  1  to  5.  The  five 
'uh'ects  were  then  exposed  to  magnetic  fields  of  both  1  and  3  gaus  combined 

with  a  t  kv/m  electric  field  for  a  one  hour  exposure.  The  subjects  were  also 

< • « pose :  to  rnmbirrd  fields  of  3  gauss  and  1  kv/m  for  30  minutes  a  day  for  five 
;  ve  da,  .  Response  rates ,  as  shown  in  Tables  1  +o  5,  indicated  no 

. .  ■  j  t  e  r  ■ '  i  l  f  \  ikf.(e  for  behavioral  effects  produced  by  arv  of  the  above 


In  order  to  allow  a  better  visual  comparison  of  the  effects  of  the 
different  exposure  conditions,  each  condition  was  averaged  and  the  means  and 
standard  deviations  of  each  condition  for  each  animal  are  presented  in  Tables 
6  through  10.  Summary  response  rates  (means  of  each  condition  averaged  for 
all  five  animals)  are  shown  in  Table  11.  Tables  12  through  17  and  Figures  5 
and  6  present  the  above  data  calculated  as  percent  of  control  response  rates. 
Figure  5  shows  response  rates  on  the  FR  and  DRL  schedules  at  each  of  four 
magneiic  field  levels.  Figure  6  shows  response  rates  on  the  two  schedules 
when  the  same  magnetic  fields  were  combined  with  a  1  kv/m  electric  field.  The 
averaged  and  percent  control  response  rates  clearly  indicate  that  under  the 
preseni  experimental  exposure  conditions  and  durations,  exposures  to  the  60  Hz 
electromagnetic  fields  produced  no  systematic  changes  in  the  behavior  of  the 
animals  on  the  multiple  FR  DRL  schedule. 

C.  Behavioral  Effects  of  Drugs  and  Electromagnetic  Fields: 

The  effects  of  linearly  polarized  magnetic  fields  combined  with  1 
mg/kg  d-amphetam i ne  were  investigated  for  five  animals  (rats  6,  7,  8,  9,  and 
10)  at  .5,  1,  3,  and  5  gauss.  Individual  response  rate  data  are  presented  in 
Tables  18  through  22.  Tables  23  through  28  present  the  average  response  rates 
for  the  five  animals  for  each  of  the  drug,  amphetamine,  and  field  exposure 
conditions.  Tables  29  through  30  and  Figures  7  and  8  show  the  above  same  da+a 
calculated  as  percent  of  control  response  rates.  There  was  a  clear  indication 
of  a  drug  effect,  particularly  seen  as  an  increased  rate  of  responding  on  the 
DRL  schedule  above  control  values  and  a  slightly  decreased  rate  of  responding 
on  the  FR  schedule.  There  was  no  systematic  observed  effect  produced  by 
exposure  to  the  magnetic  fields  on  the  behavioral  effects  of  d-amphetami ne. 
Also,  there  was  no  modification  of  the  behavioral  effects  of  d-amphetam i ne 
produced  by  exposure  to  magnetic  fields  of  .5,  1,  3,  and  5  gauss  combined  with 
an  electric  field  of  1  kv/m  (Figure  8). 

Magnetic  fields  of  .5,  1,  3,  and  5  gauss  were  investigated  for  four 
animals  (11,  12,  13,  and  15)  combined  with  10  mg /kg  ch I crd i azepox i de . 
Response  rates  for  individual  animals  on  the  multiple  schedule  are  shown  in 
Tables  35  through  38.  The  average  response  rates  of  the  four  animals  for  each 
of  the  drug,  ch lord iazepox i de,  and  field  exposure  conditions  are  shown  in 
Tables  39  through  43.  The  data  for  each  of  the  drug  are  field  exposure 
conditions  calculated  as  percent  of  control  response  rates  is  presented  in 
Tables  -'.4  to  48  and  F  inures  9  and  10.  Ch  lord  i  azepox  i  de  alone  produced  an 


>.v*. 


elevated  response  rate  on  the  DRL  schedule  and  a  decreased  response  rate  on 
the  FR  schedule.  Exposures  to  the  four  magnetic  field  intensities  did  not 
alter  the  behavioral  effects  of  the  drug  (Figure  1).  Exposures  to  the  same 
four  magnetic  field  intensities  combined  with  an  electric  field  of  1  kv/m  also 
did  not  alter  the  behavioral  effects  of  ch I ord i azepox i de  (Figure  10). 

The  results  indicate  no  systematic  effect  on  the  behavioral  pharmacology 
of  either  amphetamine  or  ch I ord i azepox i de,  at  the  doses  explored,  by  any  of 
the  exposures  to  the  magnetic  fields  alone  or  in  combination  with  an  electric 
field.  In  no  instance  did  the  behavioral  effects  of  either  drug  combined  with 
the  60  Hz  fields  clearly  appear  any  different  on  the  FR  or  DRL  schedule  than 
the  behavioral  effects  produced  by  the  drugs  themselves. 

D .  Behavioral  Effects  of  Combined  Static  and  Oscillating  Magnetic 

Fields: 

The  first  group  of  five  subjects  (rats  1,  2,  3,  4,  and  5)  were 
exposed  to  a  combination  of  low-level  magnetic  fields,  consisting  of  an 
oscillating  60  Hz  field  and  a  static  field.  Exposures  to  the  combined  static 
and  oscillating  fields  consistently  produced  a  systematic  modification  in  both 
the  rate  and  pattern  of  responding  on  the  DRL  schedule.  Performance  on  the  FR 
schedule  was  not  systematically  affected  by  the  field  exposures.  No  changes 
in  behavior  on  the  multiple  FR  DRL  schedule  were  observed  when  the  animals 
were  exposed  to  the  applied  60  Hz  oscillating  magnetic  field  alone.  Similar¬ 
ly,  systematic  disturbances  of  behavior  were  never  observed  when  the  animals 
were  exposed  to  the  static  field  alone.  The  observed  changes  in  DRL  behavior 
occurred  only  under  the  condition  of  exposure  to  the  combined  static  and 
osc i I  I  at i ng  fields. 

Figure  12  shows  the  relative  changes  in  response  rates  on  the  DRL  and  FR 
schedules  for  sham  exposures,  oscillating  field  alone  exposures,  static  field 
alone  exposures,  and  combined  magnetic  field  exposures  for  each  animal.  The 
individual  response  rate  data  for  each  animal  for  each  exposure  condition  is 
shown  in  Tables  49-53  and  the  summary  data  upon  which  Figure  12  is  based  are 
shown  in  Tables  54  through  58.  Tables  49-53  show  the  response  rate  data  ‘or 
each  of  the  tour  exposure  conditions  (sham,  oscillating,  static,  and  combinea 
fields)  for  each  animal.  Under  each  of  the  exposure  conditions,  the  response 
rate  data  for  five  replications  are  shown  as  well  as  the  response  rates  from  a 
baseline  control  session  immediately  preceding  each  field  exposure  condition. 
The  above  individual  animal  response  rate  data  expressed  as  percent  control 


(percent  of  the  mean  of  all  baseline  control  sessions  preceding  field  exposure 
sessions)  for  the  four  exposure  conditions  is  presented  in  Tables  54  through 
58.  The  five  animals  showed  a  consistent  and  reproducible  increase  in  the 
rate  of  responding  on  the  DRL  schedule  as  a  result  of  exposure  to  the  magnetic 
fields.  Figure  13  shows  the  changes  that  occurred  in  the  temporal  pattern  of 
behavior  for  one  animal  as  a  function  of  combined  magnetic  field  exposure. 
The  top  section  of  Figure  13  shows  that  under  baseline  conditions  the  largest 
number  of  responses  followed  a  preceding  response  by  about  16  to  20  seconds, 
indicating  a  rather  precise  temporal  discrimination.  Following  exposure  to 
the  combined  magnetic  field  condition,  shown  in  the  bottom  section  of  Figure 
13,  the  response  distribution  was  flattened  and  shifted  toward  shorter  inter- 
response  times.  This  shift  reflects  the  increased  response  rate  shown  in 
Figure  6;  the  flattening  of  the  distribution  indicates  a  reduction  in  temporal 
discrimination.  Figure  11  shows  two  cumulative-response  records  for  a 
combined  magnetic  field  exposure  session  (A)  and  a  baseline  session  (B)  for 
one  animal.  Higher  inappropriate  rates  of  responding  can  be  seen  during  much 
of  the  DRL  segments  for  the  combined  field  exposure  session.  The  higher 
response  rates  that  occur  during  the  magnetic  field  session  were  also 
associated  with  a  marked  decline  in  food  pellet  frequency  (indicated  by  a 
reduction  in  the  number  of  pips  during  the  DRL  segments  due  to  the  occurrence 
of  the  large  number  of  responses  that  were  not  correctly  spaced).  The 
observed  behavioral  changes  that  did  occur  were  transitory,  disappearing  in 
less  than  24  hours.  A  comparison  of  the  two  cumulative  records  in  Figure  11 
shews  that  there  were  no  systematic  differences  in  the  FR  performance  as  a 
result  of  combined  static  and  oscillating  magnetic  field  exposures. 


IV.  SUMMARY  OF  RESEARCH  FINDINGS: 


Under  the  specific  field  exposure  configurations  and  durations  of  the 
present  experimental  conditions,  exposures  to  60  Hz  magnetic  fields  at  inten¬ 
sities  of  .5  to  5  gauss  with  and  without  the  combination  of  a  1  kv/m  60  Hz 
electric  field  produced  no  systematic  changes  in  the  behavior  of  animals  on  a 
multiple  schedule.  Exposures  to  the  60  Hz  electromagnetic  fields  produced  no 
clear  effect  on  either  response  rates  or  patterns  of  responding  on  the  multi¬ 
ple  FR  DRL  schedule.  The  60  Hz  electromagnetic  fields  were  also  investigated 
on  the  multiple  schedule  performance  of  animals  administered  representative 
drugs  from  two  psychoactive  drug  classes;  amphetamine  at  a  dose  of  1  mg/kg  and 
chlordiazepoxide  at  10  mg/kg.  No  systematic  effects  were  observed  on  the 
behavioral  pharmacology  of  either  amphetamine  or  chlordiazepoxide  by  exposures 
to  the  60  Hz  magnetic  fields  alone  or  in  combination  with  a  60  Hz  electric 
field. 

The  behavior  of  animals  on  the  multiple  FR  DRL  schedule  was  affected  by 
exposure  to  a  60  Hz  magnetic  field  when  it  was  combined  with  a  low-level 
magnetostatic  field.  When  the  animals  were  exposed  to  a  low-level  (.5  gauss) 
60  Hz  magnetic  field  in  combination  with  a  low-level  static  magnetic  field 
(about  half  the  earth's  field)  consistent  changes  were  exhibited  in  the  rate 
of  pattern  of  responding  during  the  DRL  component  of  the  multiple  FR  DRL 
reinforcement  schedule.  As  pointed  out  above,  no  changes  in  behavior  on  the 
multiple  schedule  were  observed  when  the  animals  were  exposed  to  the  60  Hz 
magnetic  field  alone.  Indeed,  systematic  behavioral  effects  were  never 
produced  by  the  60  Hz  magnetic  field  alone  for  a  range  of  field  intensities, 
from  .5  to  5  gauss,  or  for  extended  exposure  durations  up  to  a  week.  Similar¬ 
ly,  systematic  disturbances  of  behavior  were  never  observed  when  the  animals 
were  exposed  to  the  static  magnetic  field  alone.  The  observed  changes  in 
behavior  occurred  only  following  exposure  to  the  combined  static  and  oscillat¬ 
ing  fields.  The  behavior  changes  on  the  DRL  schedule  indicate  that  under  very 
precise  conditions,  extremely  weak  60  Hz  magnetic  fields  may  have  a  signifi¬ 
cant  biological  effect.  The  results  of  the  present  research  suggest  that 
static  magnetic  fields,  similar  in  strength  to  the  earth's  magnetic  field,  can 
alter  the  effects  of  low  strength  alternating  fields  on  the  behavior  of 
animals. 

The  behavioral  changes  that  were  observed  to  occur  in  animals  appears  to 
be  reversible,  lasting  for  at  least  one  hour  following  exposure  but  not  for  24 
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hours.  The  field  configuration  required  to  produce  the  changes  in  behavior 
consists  of  a  combination  of  static  and  oscillating  fields,  an  observation 
strongly  suggesting  a  resonance  phenomenon.  Using  a  well-established  experi¬ 
mental  protocol  (2,3),  Blackman  et  al.  (4)  found  that  certain  combinations  of 
low-f requency  (15-45  Hz)  magnetic  fields  and  static  fields  (25-76  pT)  enhance 
the  efflux  of  calcium  ions  from  in  v i tro  chick  brain.  A  number  of  these 
combinations  correspond  to  the  cyclotron  resonance  condition  of  free,  cir¬ 
culating  ions  (20).  Liboff  (21)  indicated  that  the  helical  geometry  of 
transmembrane  ionic  channels  represents  a  particularly  appropriate  configura¬ 
tion  in  which  to  obtain  a  cyclotron  resonance  mechanism.  The  cyclotron 
resonance  condition  is  given  by  the  gyrof requency  where  (q/m)  is  the 

V  =  lr-  (— )  B 
2it  m  o 

ionic  charge-to-mass  ratio  and  Bq  is  the  local  magnetostatic  field.  The  field 
configuration  required  to  effect  these  changes  in  behavior  consists  of  a 
combination  of  static  and  oscillating  fields,  an  observation  strongly  suggest¬ 
ing  a  resonance  phenomenon.  The  specific  combination  of  field  and  frequency 
that  was  effective  is  consistent  with  the  cyclotron  resonance  condition  for 
unhydrated  lithium  ions.  The  fact  that  the  behavioral  changes  occurred  only 
for  combined  fields,  and  that  the  particular  successful  combination  enjoys  a 
close  correspondence  to  the  singly  charged  lithium  ion  constitutes  a  fairly 
strong  argument  that  a  mechanism  akin  to  cyclotron  resonance  is  involved  in 
the  observed  behavioral  changes.  Furthermore,  it  is  well-established  (18) 
that  lithium  plays  a  role  in  brain  biochemistry.  When  administered  as  a 
carbonate,  it  can  be  used  to  treat  bipolar  affective  disorders  in  humans. 
Presumably,  enhanced  lithium  concentration  increases  the  sensitivity  of 
serotonin  receptors  and  a  I  pha-adrenerg i c  receptors.  The  manner  in  which 
lithium  affects  operant  behavior  in  rats  is  not  clear,  although  some  lithium- 
dependent  behavioral  changes  have  been  reported  (27).  It  is  conceivable  that 
the  results  obtained  in  the  present  work  may  be  related  to  the  resonant  efflux 
of  lithium  ions  from  cells  in  rat  brains.  It  is  not  necessary  to  restrict  the 
resonance  possibility  to  merely  lithium.  There  are  combinations  of  fields 
that  theoretically  correspond  to  all  the  physiologically  significant  ions 
(Na+,  K+,  Cl  ,  Ca++,  Mg++),  different  states  of  hydration,  higher  harmonics, 
etc.  It  would  be  reasonable  to  design  future  experiments  concerned  with 


elec+romagne+ica I ly  induced  changes  in  behavior  around  such  biochemical 
parameters,  rather  than  merely  levels  of  intensity. 

Quite  apart  from  the  question  of  resonance,  the  present  results  tend  to 


imply  a  functional  dependence  of  behavior  on  the  geomagnetic  field.  This 

-4  -4 

field,  over  the  earth's  surface,  varies  from  0.25  x  10  to  0.70  x  10  T. 

There  is  a  good  likelihood  of  occasional  human  exposures  to  the  particular 

-4 

combination  of  a  60  Hz  field  and  a  0.26  x  10  T  magnetostatic  field,  espe- 
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FIGURE  LEGENDS: 

Figure  1.  Photograph  of  exposure  system.  Side  view  with  door  closed.  The 
set  of  three  coils  was  used  to  apply  a  horizontal  oscillating 
magnetic  field  parallel  to  the  rat's  long  axis.  Note  that  the 
coils  are  in  a  three  fold  configuration,  2N,  N,  2N,  with  N=24 
times.  Coil  diameters  are  31.0  cm,  and  separation  of  one  coil  from 
the  next  is  13.3  cm. 

Figure  2.  Inner  view  of  exposure  system  with  door  open.  The  hemicy I i ndr i ca I 
plastic  rat  holder  is  shown  in  part  at  the  center.  The  two 
horizontal  aluminum  electrodes  were  for  application  of  vertical 
electric  fields.  The  plates  are  21.5  cm  x  30.4  cm  each  with  a  10.1 
cm  spacing  between  the  two. 

Figure  3.  Photograph  of  outer  set  of  coils.  This  set  was  used  to  apply  a 
vertical  static  magnetic  field  opposite  in  direction  to  the 
vertical  component  of  the  local  geomagnetic  field,  and  perpendic¬ 
ular  to  the  linearly  polarized  60  Hz  field.  These  coils  approx¬ 
imate  a  Helmoltz  configuration.  The  mean  coil  diameter  is  15.75  cm 
and  the  coil  separation  is  25.1  cm.  There  are  70  turns  in  each 


Figure  4.  Photograph  of  exposure  system  with  outer  set  of  coils  in  place. 

Figure  5.  Changes  in  rate  of  responding  (%  control)  on  FR  and  DRL  schedules 

for  four  magnetic  field  values.  The  data  is  based  on  the  means  of 
each  condition  averaged  for  five  animals.  Brackets  indicate 

standard  deviations. 

Figure  h .  Changes  in  response  rates  (%  control)  on  FR  and  DRL  schedules  for 
four  magnetic  field  values  combined  with  a  1  kv/m  electric  field. 
Data  consists  of  the  means  of  each  condition  averaged  for  five 

animals.  Brackets  indicate  standard  deviations. 

Figure  7.  Changes  in  response  rates  (%  control)  on  FR  and  DRL  schedules 

produced  by  1  mg/kg  d-amphetam i ne .  Effects  of  drug  alone  are  shown 
at  D.  Effects  of  the  drug  on  behavior  are  shown  for  four  magnetic 

field  values.  Data  is  based  on  the  means  of  each  condition 

averaged  for  five  animals  and  brackets  indicafe  standard 

dev i at i cns . 


Figure  8.  Changes  in  response  rates  ($  control)  on  FR  and  DRL  schedules 
produced  by  1  mg/kg  d-amphetami  ne.  Drug  only  is  shown  at  D. 

Effects  of  the  drug  are  shown  for  four  magnetic  field  values 
combined  with  a  1  kv/m  electric  field.  Data  consists  of  the  means 
of  each  condition  averaged  for  five  animals  and  brackets  indicate 
standard  deviations. 

Figure  9.  Changes  in  rate  of  responding  ($  control)  on  FR  and  DRL  schedules 
produced  by  10  mg/kg  ch I ord i azepox i de.  Effects  of  the  drug  alone 
on  the  two  schedules  are  shown  at  D.  Drug-induced  response  rate 
changes  are  shown  for  four  magnetic  field  intensities.  Data  is 
based  on  the  means  of  each  condition  averaged  for  four  animals. 
Brackets  indicate  standard  deviations. 

Figure  10.  Changes  in  response  rates  (%  control)  on  FR  and  DRL  schedules 
produced  by  10  mg/kg  ch I ord i azepox i de.  Effects  of  the  drug  alone 
on  the  two  schedules  are  shown  at  D.  Drug  induced  response  rate 
changes  are  shown  for  four  magnetic  field  intensities  combined  with 
a  1  kg/m  electric  field.  Data  is  based  on  the  means  of  each 
condition  averaged  across  four  animals  and  brackets  indicate 
standard  deviations. 

Figure  11.  Cumulative  response  records  of  one  animal  for  portions  of  a 
magnetic  field  exposure  session  (A)  and  a  baseline  session  (B). 
Each  recording  response  stepped  the  recording  pen  upward.  Pips 
indicate  delivery  of  a  food  pellet.  The  bottom  pen  was  down  during 
the  timeout  periods  that  separated  successive  FR  and  DRL  schedules. 

Figure  12.  Changes  in  rates  of  responding  (expressed  as  percent  of  the  mean  of 
all  baseline  control  sessions  preceding  field  exposure  sessions)  on 
both  the  DRL  and  FR  schedules  for  the  four  exposure  conditions. 
SHM  is  a  sham  exposure,  OSC  is  exposure  to  the  60  Hz  field  alone, 
STA  is  exposure  to  a  revised  local  field,  and  COM  is  exposure  to 
the  combined,  "resonant"  fields.  In  each  case  the  value  plotted  is 


the  mean  of  five  sessions.  Brackets  indicate  standard  deviations. 


Figure  13.  Relative  frequency  distribution  of  time  intervals  betwet 
successive  lever  responses  during  DRL  segments  of  one  animal  for  a 
baseline  control  session  (field  off)  and  a  magnetic  field  exposure 
session  (field  on).  Each  inter-response  time  interval  is  2  sec 
wide  and  the  last  interval  contains  all  responses  that  followed  a 
preceding  response  by  22  sec  or  longer. 


TABLE  1 .  Response  Rates  for 

Rat  1 

Cond i t i on 

FR  FR  Rate  DRL 

Resp  Rate  (%  Cont)  Resp  Rate 

DRL  Rate 
(%  Cont) 

TO 

Resp  Rate 

TO  Rate 
(%  Cont) 

3-6-84 

3-16-34 

3-20-84 

3- 27-84 

4- 10-84 

4-17-84 

4-24-84 

4- 27-84 

5- 1-84 

5-4-84 

5-8-84 

5-12-84 

5-15-84 
5-18-84 
5-22-84 
5-25-84 
5-28-84 

5- 29-84 

6- 1-84 

6-5-84 

6-12-84 

6-19-84 

6-22-84 
6-26-84 

6- 29-84 

7- 10-84 

7-17-84 

7-19-84 

7-24-84 

7- 27-84 

8- 3-84 

8-6-r.4 

8-7-84 

8-8-84 

8-Q---4 
8-10-84 
3-16-84 


Base  1 i ne 

4.463 

— 

.076 

— 

Base  1 i ne 

4.917 

— 

.072 

— 

Base  1 i ne 

5.004 

— 

.070 

— 

Base  1 i ne 

4.515 

— 

.077 

— 

Chamber 

4.995 

— 

.078 

— 

Chamber 

5.013 

— 

.078 

— 

Chamber 

4.435 

— 

.068 

— 

Chamber 

4.880 

— 

.073 

— 

•  5g 

4.639 

95.6 

.073 

98.7 

'9 

4.820 

99.4 

.068 

91.9 

3g 

4.822 

99.4 

.077 

104.1 

5g 

4.762 

98.2 

.070 

94.6 

’g 

4.621 

95.3 

.075 

101  .4 

3g 

4.922 

101.5 

.068 

91  .9 

•  5g 

4.614 

95.  1 

.070 

94.6 

5g 

4.645 

95.8 

.069 

93.2 

Chamber 

5.093 

— 

.078 

— 

. 5g  +  Ikv 

4.645 

95.8 

.069 

93.2 

1  g  +  Ikv 

4.938 

101  .8 

.079 

106.8 

3g  +  Ikv 

5.263 

108.5 

.074 

100.0 

3g  +  Ikv 

4.871 

100.4 

.076 

102.7 

1  g  +  Ikv 

4.815 

99.3 

.071 

96.0 

.5g  +  Ikv 

4.796 

98.9 

.062 

83.8 

5g  +  Ikv 

5.076 

104.6 

.075 

101  .4 

5g  +  Ikv 

5.01  1 

103.3 

.065 

87.8 

Chi  ,iber 

4.957 

— 

.077 

— 

1 g  +  Ikv  (1 

hr) 

4.611 

95. 1 

.075 

101 .4 

3g  +  Ikv  (1 

hr) 

4.669 

96.2 

.063 

85.1 

1 g  +  Ikv  (1 

hr ) 

4.650 

95.9 

.066 

89.2 

3g  +  Ikv  (1 

hr ) 

4.727 

97.4 

.071 

96.0 

Chamber 

5.041 

— 

.074 

— 

3c  4  Ikv 

5.042 

103.9 

.070 

94.6 

7q  +  Ikv 

4.600 

94.8 

.073 

98.7 

3g  +  1 kv 

5.138 

105.9 

.070 

94.6 

3g  +  Ikv 

4.601 

94.9 

.065 

87.8 

3a  +  Ikv 

4.724 

97.4 

.072 

97.3 

Chamber 

4.909 

— 

.063 

-- 

TABLE  2.  Response  Rates  for  Rat  2 


Cond i t i on 


FR  FR  Rate  DRL  DRL  Rate 

Resp  Rate  (%  Cont)  Resp  Rate  (%  Cont) 


TO  TO  Rate 

Resp  Rate  Cont) 


3-6-84 

Base  1 i ne 

2.433 

3-16-84 

Basel i ne 

2.730 

3-20-84 

Base  1 i ne 

2.850 

3-27-84 

Base  1  i ne 

2.776 

4-10-84 

Chamber 

2.899 

4-17-84 

Chamber 

2.729 

4-24-84 

Chamber 

2.764 

4-27-84 

Chamber 

3.052 

5-1-84 

•  5g 

3.055 

5-4-84 

'9 

2.956 

5-8-84 

3g 

2.945 

5-1 1-84 

5g 

2.661 

5-15-84 

ig 

2.740 

5-18-84 

3g 

2.834 

5-22-84 

•  5g 

2.548 

5-25-84 

5g 

2.989 

5-28-84 

Chamber 

2.734 

5-29-84 

.  5g  +  1 kv 

2.505 

6-1-84 

Ig  +  1 kv 

2.912 

6-5-84 

3c  +  1 kv 

2.973 

6-12-84 

3g  +  1 kv 

2.892 

6-19-84 

Ig  +  1 kv 

2.575 

6-22-84 

.5g  +  1 kv 

3.095 

6-26-84 

5g  +  1 kv 

2.838 

6-29-84 

5g  +  1 kv 

2.807 

7-10-84 

Chamber 

2.812 

7-17-84 

1 g  +  1 kv  (1 

hr ) 

2.651 

7-19-84 

3g  +  1 kv  (1 

hr ) 

2.734 

7-24-84 

1 g  +  1 kv  (1 

hr ) 

2.838 

7-27-84 

3g  +  1 kv  (1 

hr) 

3.041 

8-3-84 

Chamber 

3.253 

8-6-84 

3g  +  1  kv 

3.211 

8-7-84 

5g  +  1  kv 

3.096 

8-8-84 

3g  +  1  kv 

2.952 

3-9-84 

3g  +  1 kv 

3.156 

8- 1 0-84 

3g  +  Ik', 

2 . 856 

8-16-84 

Chamber 

2 .  -  3  3 

055 

101,9 

.01 

048 

88.9 

.0 

058 

107.4 

.0 

049 

90.7 

.0 

057 

— 

.0 

059 

109.3 

.01 

054 

100.0 

.o: 

ty. 


TABLE  3.  Response  Rates  for  Rat  3 


Cond i t i on 


FR  FR  Rate 

Resp  Rate  (St  Cont) 


DRL  DRL  Rate  TO  TO  Rate 

Resp  Rate  (St  Cont)  Resp  Rate  (St  Cont) 


3-6-84 

Base  1 i ne 

2.600 

3-16-84 

Basel i ne 

2.933 

3-20-84 

Basel i ne 

2.742 

3-27-84 

Base  1 i ne 

3.067 

4-10-84 

Chamber 

3.004 

4-17-84 

Chamber 

2.697 

4-24-84 

Chamber 

2.913 

4-27-84 

Chamber 

3.020 

6-1-84 

•  5g 

3.019 

5-4-84 

ig 

2.846 

5-8-84 

3g 

2.711 

■-1 1-84 

5g 

2.925 

5-15-84 

Ig 

3.021 

5-18-84 

3g 

2.903 

5-22-84 

•  5g 

2.571 

5-25-84 

5g 

2.275 

5-28-84 

Chamber 

2.936 

5-29-84 

. 5g  +  1 kv 

2.201 

6-1-84 

1 g  +  1  kv 

2.394 

6-5-84 

3g  +  1 kv 

2.879 

6-12-84 

3g  +  1  kv 

2 . 388 

6-19-84 

1  g  +  1  kv 

2.802 

6-22-84 

.  5g  +  1 kv 

2.615 

6-26-84 

5g  +  1 kv 

2.973 

6-29-84 

5g  +  1 kv 

2.818 

7-10-84 

Chamber 

2.984 

7-17-84 

1 g  +  1 kv  (1 

hr) 

2.978 

7-20-84 

3g  +  1  kv  (  1 

hr ) 

2.792 

7-24-84 

1 g  +  1 kv  (1 

hr ) 

2.979 

7-27-84 

3g  +  1 kv  (1 

hr) 

2.846 

8-3-F4 

Chamber 

2.920 

6-6-64 

5g  +  1  kv 

2.817 

■■-7-8  4 

3g  +  1  kv 

2 . 90 1 

6-8-84 

3g  +  Ikv 

2.912 

6-9-84 

3g  +  Ikv 

2.757 

-  -  1  0  -  6  4 

3q  +  Ikv 

2.732 

,-■-16-84 

Chamber 

2.752 

90.3 

93.1 

.046 

.017 

219.1 

81  .0 

04 . 2 

.  1  24 

59C  .4 

-- 

.025 

-- 

98 . 6 

.025 

119.1 

9  3 .  1 

.02  3 

1 09 . 5 

C7.C 

.031 

14  7.6 

G  1  . 4 

.  '  2’  (7 

123.8 

Q  1  7 

.016 

76 . 2 

TABLE 

4.  Response  Rates  for 

Rat  4 

FR 

FR  Rate 

DRL 

ORL  Rate 

TO 

TO  Rate 

Cond i t ion 

Resp  Rate 

(%  Cont) 

Resp  Rate 

(.%  Cont) 

Resp  Rate 

{%  Cont) 

3-6-84 

Base  1 i ne 

4.272 

3-16-84 

Base  1 i ne 

4.334 

3-20-84 

Base  1 i ne 

3.563 

3-27-84 

Base  1 i ne 

3.883 

4-10-84 

Chamber 

3.963 

4-17-84 

Chamber 

3.916 

4-25-84 

Chamber 

3.591 

4-24-84 

Chamber 

3.568 

5-1-84 

•  5g 

3.676 

5-4-84 

!g 

3.651 

5-8-84 

3g 

3.651 

35-11-84 

5g 

3.893 

5-15-84 

'g 

3.840 

5-18-84 

3g 

3.620 

5-22-84 

•5g 

3.463 

5-25-84 

5g 

3.462 

5-28-84 

Chamber 

3.332 

5-29-84 

.5g  +  Ikv 

3.642 

6-1-84 

1  g  +  Ikv 

3.381 

6-5-84 

3g  +  Ikv 

3.513 

6-12-84 

3g  +  Ikv 

3.470 

6-19-84 

1g  +  Ikv 

3.638 

6-22-84 

.  5g  +  Ikv 

3.330 

6-26-84 

5g  +  Ikv 

3.479 

6-29-84 

5g  +  Ikv 

3.353 

7-10-84 

Chamber 

3.191 

7-17-84 

1 g  +  Ikv  (1 

hr) 

3.130 

7-20-84 

3g  +  Ikv  (1 

hr) 

3.476 

7-24-84 

!g  +  Ikv  (1 

hr) 

3.615 

7-27-84 

3g  +  Ikv  (1 

hr) 

3.522 

8-3-84 

Chamber 

3.568 

R-6-84 

3g  +  Ikv 

3.586 

8-7-84 

3g  +  1  kv 

3.767 

8-8-84 

3g  +  Ikv 

3.758 

8-9-84 

3g  +  Ikv 

3.359 

8-10-84 

3g  +  Ikv 

2.830 

8-16-84 

Chamber 

3.740 

TABLE  5.  Response  Rates  for 

Rat  5 

Cond i t i on 

FR  FR  Rate  DRL 

Resp  Rate  (%  Cont)  Resp  Rate 

DRL  Rate 
($  Cont) 

TO 

Resp  Rate 

TO 

11 

Rate 
Cont ) 

3-6-84 

Base  1 i ne 

3.671 

— 

3-16-84 

Base  1  i ne 

3.693 

— 

3-20-84 

Base  1 i ne 

3.827 

— 

3-27-84 

Base  1 i ne 

3.730 

— 

4-10-84 

Chamber 

3.880 

— 

4-17-84 

Chamber 

3.779 

— 

4-24-84 

Chamber 

3.702 

— 

4-26-84 

Chamber 

3.554 

— 

5-1-84 

•  5g 

3.543 

94 

5-4-84 

ig 

3.747 

100 

5-8-84 

3g 

Data 

Lost 

7-13-84 

3g 

3.658 

98 

5-11-84 

5g 

4.154 

1  1 1 

5-15-84 

ig 

3.947 

105 

5-18-84 

3g 

4.042 

108 

5-22-84 

•  5g 

3.782 

101 

5-25-84 

5g 

3.969 

106 

5-28-84 

Chamber 

3.754 

— 

5-29-84 

.  5g  +  1 kv 

3.719 

99 

6-1-84 

1 g  +  1 kv 

3.993 

107 

6-5-84 

3g  +  1  kv 

3.985 

106 

6-12-84 

3g  +  1  kv 

3.771 

101 

6-19-84 

1  g  +  1  kv 

3.856 

103 

6-22-84 

. 5g  +  1 kv 

3.620 

97 

6-26-84 

5g  +  1 kv 

3.714 

99 

6-29-84 

5g  +  1 kv 

3.619 

97 

7-10-84 

Chamber 

3.676 

— 

7-17-84 

1 g  +  1 kv  (1 

hr ) 

4.017 

107 

7-20-84 

3g  +  1 kv  (1 

hr) 

3.933 

105 

7-24-84 

1 g  +  1 kv  (1 

hr ) 

3.866 

103 

7-27-84 

3g  +  1 kv  (1 

hr) 

3.971 

106 

8-3-84 

Chamber 

3.792 

— 

8-6-84 

3g  +  1  kv 

3.731 

100 

8-7-64 

3g  +  1  kv 

3.793 

101 

8-8-84 

3g  +  1  kv 

3.388 

90 

8-9-84 

3g  +  1  kv 

3.928 

105 

8-10-84 

3g  +  1 kv 

3.571 

95 

8-16-84 

Chamber 

3.739 

-- 

^  ^  ^  "-  -  -  *  •  •  ■  ---•  >'-**■.  -■ - v  '  .  1 


i 

«5 

TABLE  6.  Average  Response  Rates  for  Rat  1 

i 

*  *>  , 

■J 

* 

y  Condition 

FR  Resp  Rate 

Mean/S. D.  of: 

DRL  Resp  Rate 

TO  Resp  Rate 

| 

V 

- 

Base  1 i ne 

4 . 725/ . 739 

.074/. 003 

.028/. 009 

Chamber 

v  •  ^9 

4.915/. 193 

.074/. 005 

.020/. 003 

4. 627/. 013 

.072/. 002 

.017/. 006 

j  '9 

4.721/. 100 

.072/. 004 

.016/. 002 

>  3g 

4. 872/ . 050 

.073/. 005 

.022/. 002 

m 

•'  5g 

4. 704/. 059 

.070/. 001 

.024/. 006 

.5  •*  1  kv 

4. 721/. 076 

.066/. 004 

.021/. 001 

|  1  g  +  1  kv 

4. 877/. 062 

.075/. 004 

.017/. 001 

Ir  j  " 

/  3g  +  1 kv 

5.067/  196 

.075/. 001 

.028/. 008 

-  *  •  1 
*  ’t 
/*  /*( 

5g  +  1  kv 

“ 

5. 044/. 033 

.070/. 005 

.022/. 009 

,*•  ,*• 

‘  1 g  +  1 kv  (1  hr) 

4. 631/. 020 

.071/. 005 

.029/. 005 

|  3g  +  1 kv  ( 1  hr ) 

4. 698/. 029 

.067/. 004 

.018/. 007 

i 

!;  Con  t  ro  1  s  (All) 

4. 851/. 228 

.074/. 005 

.023/. 007 

* 

Cond i t i on 


TABLE  7.  Average  Response  Rates  for  Rat  2 
Mean/S. D.  of: 

FR  Resp  Rate  DRL  Resp  Rate 


TO  Resp  Rate 


Base  1 i ne 

2.697/. 159 

.053/. 002 

.015/. 004 

Chamber 

2.897/. 170 

.055/. 004 

.020/. 009 

•  5g 

2. 802/. 254 

.057/. 001 

.013/. 002 

ig 

2.848/. 108 

.052/. 004 

.014/. 01 1 

3g 

2. 890/. 056 

.052/. 004 

.021/. 006 

5g 

2.825/. 164 

.054/. 005 

.013/. 004 

.  5  +  1  kv 

2. 800/. 295 

.056/. 004 

.013/. 006 

1  g  +  1  kv 

2.744/. 169 

.054/. 000 

.019/. 008 

3g  4  1 kv 

2. 933/. 041 

.057/. 001 

.014/. 002 

5g  +  1 kv 

2. 823/. 016 

.056/. 001 

.047/. 031 

1  g  +  1 kv  (1  hr ) 

2. 745/. 094 

.063/. 001 

.052/. 003 

3g  +  1 kv  (1  hr ) 

2.886/. 154 

.054/. 001 

. 029/ . 009 

Contro Is  (All) 

2.830/. 191 

. 054 / . 004 

.018/. 008 

TABLE  8.  Average  Response  Rates  for  Rat  3 


Cond i tion 

FR  Resp  Rate 

Mean/S. D.  of: 

DRL  Resp  Rate 

TO  Resp  Rate 

Base  1 i ne 

2.836/. 178 

.073/. 005 

.019/. 007 

Chamber 

2.909/. 129' 

.074/. 004 

.016/. 009 

■  5g 

2. 795/. 224 

.071/. 001 

.012/. 005 

ig 

2. 934/. 088 

.070/. 008 

.016/. 007 

3g 

2. 807/. 096 

.071/. 009 

.024/. 005 

5g 

2. 600/. 325 

.073/. 007 

.020/. 002 

.5  +  1 kv 

2. 408/. 207 

.067/. 001 

.019/. 006 

1  g  +  1  kv 

2. 598/. 204 

.068/. 003 

.017/. 003 

3g  +  1  kv 

2. 634/. 246 

.074/. 004 

.013/. 006 

5g  +  1  kv 

2. 896/. 078 

.074/. 002 

.014/. 000 

1 g  +  1 kv  (1 

hr) 

.  2. 979/. 001 

.070/. 003 

.073/. 056 

3g  +  1 kv  (1 

hr) 

2. 819/. 027 

.070/. 005 

.085/. 039 

Controls  (Al 

1  1  ) 

2.881/. 140 

.072/. 005 

.021/. 009 

TABLE  9.  Average  Response  Rates  for  Rat  4 
Mean/S. D.  of: 


Cond i t i on 

FR  Resp  Rate 

DRL  Resp  Rate 

TO  Resp  Rate 

Base  1 i ne 

4. 013/. 312 

.061/. 001 

.014/. 004 

Chamber 

3.760/. 181 

.066/. 004 

.025/. 004 

•  5g 

3.570/. 107 

.065/. 002 

.016/. 01 1 

’g 

3. 746/. 095 

.064/. 002 

.018/. 001 

3g 

3. 636/. 016 

.065/. 002 

.012/. 002 

5g 

3 . 678/ .216 

.072/. 002 

.014/. 007 

.5  +  1 kv 

3.486/. 156 

.064/. 003 

.018/. 002 

Ig  +  1 kv 

3.510/. 129 

.069/. 002 

.018/. 002 

3g  +  1 kv 

3. 492/. 022 

.068/. 004 

.018/. 002 

5g  +  1 kv 

3. 416/. 063 

.069/. 001 

.023/. 006 

1 g  +  1 kv  (1  hr) 

3. 372/. 243 

.066/. 000 

.009/. 006 

3g  +  1 kv  (1  hr ) 

3. 499/. 023 

.063/. 000 

.025/. 012 

Contro Is  (All) 

3. 743/. 331 

.066/. 005 

.021/. 006 

TABLE  10.  Average  Response  Rates  for  Rat  5 


Mean/S. D.  of: 


Cond  i 

t  i  on 

FR  Resp  Rate 

DRL  Resp  Rate 

TO  Resp  Rate 

Base  1 

i  ne 

3. 730/. 060 

.058/. 004 

.017/. 005 

Chamber 

3. 729/. 119 

.057/. 004 

.021/. 007 

,5g 

3.663/. 120 

.057/. 004 

.018/. 006 

ig 

3. 847/. 010 

.057/. 000 

.013/. 006 

3g 

4. 030/. 372 

.061/. 003 

.037/. 021 

5g 

4.06  /.093 

.063/. 004 

.031/. 001 

.5  + 

1  kv 

3. 670/. 050 

.051/. 001 

.016/. 005 

'g  + 

1  kv 

3. 925/. 069 

.059/. 002 

.018/. 003 

3g  + 

1  kv 

3.878/. 107 

.058/. 001 

.015/. 002 

5g  + 

1  kv 

3. 667/. 048 

.063/. 002 

.042/. 024 

ig  + 

1  kv  (1 

hr) 

3. 942/. 076 

.060/. 004 

.017/. 002 

3g  + 

1  kv  (1 

hr) 

3. 952/. 019 

.057/. 003 

.021/. 005 

Controls  (Al 

1  1  ) 

3. 733/. 081 

.058/. 004 

.020/. 006 

TABLE  11.  Summary  Response  Rates  for  1,  2,  3,  4,  and  5 

Mean/S. D.  of: 


Condi t i on 

FR  Resp  Rate 

DRL  Resp  Rate 

TO  Resp  Rate 

Basel  i ne 

3. 600/. 783 

.064/. 009 

.019/. 008 

Chamber 

3. 612/. 758 

.065/. 009 

.021/. 007 

•5g 

3. 491/. 696 

.064/. 007 

.015/. 007 

ig 

3. 619/. 692 

.063/. 009 

.015/. 006 

3g 

3.61 1/. 757 

.064/. 009 

.023/. 013 

5g 

3.57  / . 803 

.066/. 008 

.020/. 008 

.5  +  1 kv 

3. 417/. 816 

.060/. 007 

.017/. 005 

1 g  +  1  kv 

3. 530/. 843 

.065/. 008 

.018/. 004 

3g  +  1  kv 

3. 601/. 864 

.066/. 008 

.017/. 007 

5g  +  1  kv 

3. 569/. 804 

.066/. 007 

.029/. 022 

1 g  +  1 kv  (1  hr ) 

3. 534/. 693 

.066/. 005 

.036/. 034 

3g  +  1 kv  (1  hr ) 

3. 571/. 704 

.062/. 007 

.036/. 031 

Con+  ro Is  (All) 

3.608/. 767 

.065/. 009 

.020/. 007 

TABLE  12.  Average  Percent  Control  Response  Rtes  for  Rat  1 

Mean/S. D.  of: 


Cond i t i on 

•  5g 
ig 
3g 
5g 

.5  +  1 kv 
1  g  +  1  kv 
3g  +  1  kv 
5g  +  1 kv 
1 g  +  1 kv  (1  hr ) 
3g  +  1 kv  (1  hr) 


FR  Resp  Rate 

95.4/0.3 

97.4/2.1 

100.5/1 . 1 

97.0/1.2 

97.4/1 .6 

100.6/1.3 

104.5/4.1 

104.0/0.7 

95.5/0.4 

96.8/0.6 


DRL  Resp  Rate 

96.7/2.1 

96.7/4.8 

98.0/6. 1 

93.9/0.7 

88.5/4.7 

101 .4/5.4 

tOI .4/1 .4 

94.6/6.8 

95.3/6.1 

90.6/5.5 


TO  Resp  Rate 

71 .8/24.0 

67.4/6.5 

93.5/6.5 

104.4/26. 1 

89.2/2.2 

71 .8/2.2 

1 19.6/32.6 

95.7/39.2 

124.0/19.6 

78.3/30.5 


TABLE  13.  Average  Percent  Control  Response  Rates  for  Rat  2 


Mean/S. D.  of: 


Cond i t ion 

FR  Resp  Rate 

DRL  Resp  Rate 

TO  Resp  Rate 

•  5g 

99.0/9.0 

105.6/1.9 

69.5/8.4 

ig 

100.7/3.9 

95.4/6.5 

75.0/58.4 

3g 

102.1/2.0 

96.4/7.5 

113.9/41.7 

5g 

99.8/5.8 

99.8/5.8 

72.2/22.2 

.5  +  1 kv 

99.0/10.5 

99.0/10.5 

72.3/33.4 

1  g  +  1  kv 

97.0/6.0 

97.0/6.0 

102.8/41.7 

3g  +  1 kv 

103.7/1.5 

103.7/1.5 

75.0/8.3 

5g  +  1 kv 

99.8/5.5 

99.8/0.6 

258.4/169.5 

Ig  +  1 kv  (1  hr) 

97.0/3.3 

97.0/3.3 

280.6/13.9 

3g  +  1 kv  (1  hr ) 

102.1/5.5 

102.1/5.5 

158.4/47.3 

TABLE  14.  Average  Percent  Control  Response  Rates  for  Rat  3 

Mean/S. D.  of: 


Cond i t ion 

FR  Resp  Rate 

DRL  Resp  Rate 

TO  Resp  Rate 

•  5g 

97.0/7.8 

98.6/1.4 

57.2/23.9 

ig 

101 .9/3. 1 

96.5/10.4 

76.2/33.3 

3g 

97.5/3.4 

97.9/11.8 

114.3/23.8 

5g 

90.3/11.3 

100.7/9.0 

92.9/7.2 

.5  +  1 kv 

83.6/7.2 

92.4/0.7 

90.5/28.6 

1g  +  1 kv 

90.2/7.1 

93.8/3.5 

81 .0/14.3 

3g  +  1 kv 

91.4/8.5 

102.1/4.9 

61 .9/28.6 

5g  +  1 kv 

100.5/2.7 

102.8/2.8 

66.7/0.0 

1g  +  1 kv  (1  hr) 

103.4/0.0 

97.3/4.2 

347.7/266.7 

3g  +  1 kv  (1  hr) 

97.9/1 .0 

97.3/7.0 

404.8/185.7 

Cond i t i on 


•  5g 
!g 
3g 
5g 

.5  +  1 kv 
1  g  +  1 kv 
3g  +  1  kv 
5g  +  1 kv 
1  g  +  1 kv  (1  hr) 
3g  +  1 kv  (1  hr ) 


TABLE  15.  Average  Percent  Control  Response  for  Rat  4 

Mean/S. D.  of: 

FR  Resp  Rate  DRL  Resp  Rate  TO  R 


TO  Resp  Rate 


95.3/2.8 

98.5/3.0 

73.8/50.0 

100.1/2.6 

97.0/3. 1 

85.8/4.8 

97.1/0.4 

98.5/3.0 

54.8/7.2 

98.3/5.8 

108.4/2.3 

66.7/33.4 

93.2/4.2 

96.2/3.8 

85.7/9.5 

93.8/3.5 

104.6/3. 1 

83.4/7.2 

93.3/0.6 

103.1/6. 1 

83.4/7.2 

91.3/1.7 

103.8/0.8 

109.6/28.6 

90.1/6.5 

100.0/0.0 

42.9/28.6 

93.5/0.6 

95.5/0.0 

119.1/57.2 

TABLE  16.  Average  Percent  Control  Response  Rates  for  Rat  5 

Mean/S. 0.  of: 


Cond i t i on 

FR  Resp  Rate 

,5g 

98.1/3.2 

’g 

103.1/2.7 

3g 

103.2/5.2 

5ci 

108.8/2.5 

.5  + 

1  kv 

98.3/1.3 

1g  + 

1  kv 

105.2/1 .9 

3g  + 

1  kv 

103.9/2.9 

5g  + 

1  kv 

98.3/1.3 

ig  + 

1 kv  (1  hr) 

105.6/2.0 

3g  + 

1 kv  (1  hr) 

105.9/0.5 

DRL  Resp  Rate 

TO  Resp  Rate 

98.3/6.9 

90.0/30.0 

98.3/0.0 

62.5/27.5 

105.2/5.2 

185.0/10.5 

107.8/6.1 

155.0/5.0 

86.0/3.8 

80.0/25.0 

100.9/2.6 

90.0/15.0 

99.2/0.9 

72.5/7.5 

108.7/3.5 

207.5/117.5 

102.6/6.0 

85.0/10.0 

98.3/5.2 

105.0/25.0 

TABLE  17.  Summary  of  Average  Percent  Control  Rates  for  1,  2,  3,  4,  and  5 

Mean/S. D.  of: 


Cond i t i on 

FR  Resp  Rate 

DRL  Resp  Rate 

TO  Resp  Rate 

.5g 

97.0/5.9 

99.5/4.8 

72.4/32.1 

'9 

100.6/3.5 

96.8/6.1 

73.4/33.6 

3g 

100.5/3.8 

99.2/7.9 

112.3/67.0 

5g 

98.8/8.7 

102.1/8.4 

98.2/38.3 

.5  +  1 kv 

94.3/8.3 

93.2/7.4 

83.5/24.0 

1  g  +  1  kv 

97.3/6.9 

100.1/4.9 

85.8/23.5 

3g  +  1  kv 

99.3/7.3 

101 .2/4.9 

82.5/28.3 

5g  +  1 kv 

98.8/4.5 

102.5/5.8 

147.6/1 19.5 

1 g  +  1 kv  (1  hr ) 

98.3/6.5 

102.2/8.4 

176.0/166.4 

3q  +  1 kv  (1  hr ) 

99.2/5.0 

96.1/5.5 

173.1/149.6 

\v 


u  M  u»-U 


ivnv’  v*  ^'T.r'vr  ir*irr  vtt 


Cond i t i on 


TABLE  18.  Response  Rates  for  Rat  6 

FR  -FR  Rate  DRL  DRL  Rate  TO  TO  Rate 

Resp  Rate  (%  Cont)  Resp  Rate  (.%  Cont)  Resp  Rate  ($  Cont) 


:-w 

v# 


RCV 


3-16-84 

Base  1 i ne 

3-23-84 

Basel i ne 

3-27-84 

Base  1 i ne 

3-30-84 

Chamber 

4-3-84 

Chamber 

4-6-84 

Chamber  +  Saline 

4-10-84 

Chamber  +  Saline 

4-17-84 

Chamber  +  Saline 

4-24-84 

Chamber  +  Saline 

4-27-84 

Chamber  +  Drug 

5-1-84 

Chamber  +  Drug 

5-4-84 

. 5g  +  Drug 

5-8-84 

Chamber  +  Drug 

5-1 1-84 

1 g  +  Drug 

5-15-84 

Chamber  +  Drug 

5-18-84 

3g  +  Drug 

5-22-84 

Chamber  +  Drug 

5-25-84 

5g  +  Drug 

5-29-84 

. 5g  +  1 kv  +  Drug 

6-1-84 

1 g  +  1 kv  +  Drug 

6-5-84 

3g  +  1 kv  +  Drug 

6-12-84 

3g  +  1 kv  +  Drug 

6-15-84 

Chamber  +  Saline 

6-19-84 

1g  +  1 kv  +  Drug 

6-22-84 

. 5g  +  1 kv  +  Drug 

6-26-84 

5g  +  1 kv  +  Drug 

6-29-84 

5g  +  1 kv  +  Drug 

7-10-84 

Chamber  +  Drug 

7-17-84 

.5g  +  Drug 

7-20-84 

1g  +  Drug 

7-24-84 

3g  +  Drug 

7-27-84 

5g  +  Drug 

8-7-84 

Base  line  +  Saline 

^-28-84 

Chamber  +  Saline 

TABLE  19.  Response  Rates  for  Rat  7 


Cond i t i on 


FR  FR  Rate  DRL  DRL  Rate  TO  TO  Rate 

Resp  Rate  (%  Cont)  Resp  Rate  (j  Cont)  Resp  Rate  (%  Cont) 


3-16-84 

Basel i ne 

3-23-84 

Base  1 i ne 

3-27-84 

Basel i ne 

3-30-84 

Chamber 

4-3-84 

Chamber 

4-6-84 

Chamber  +  Saline 

4-10-84 

Chamber  +  Saline 

4-17-84 

Chamber  t  Saline 

4-24-84 

Chamber  +  Saline 

4-27-84 

Chamber  +  Drug 

5-1-84 

Chamber  +  Drug 

5-4-84 

•  5g  +  Drug 

5-8-84 

Chamber  +  Drug 

5-1 1-84 

1 g  +  Drug 

5-15-84 

Chamber  +  Drug 

5-18-84 

3g  +  Drug 

5-22-84 

Chamber  +  Drug 

5-25-84 

5g  +  Drug 

5-29-84 

. 5g  +  1 kv  +  Drug 

6-1-84 

1 g  +  1 kv  +  Drug 

6-5-84 

3g  +  1 kv  +  Drug 

6-12-84 

3g  +  1 kv  +  Drug 

6-15-84 

Chamber  +  Saline 

6-19-84 

1 g  +  1 kv  +  Drug 

6-22-84 

.5g  +  1 kv  +  Drug 

0-26-84 

5g  +  1 kv  +  Drug 

6-29-84 

5g  +  Ikv  +  Drug 

7-10-84 

Chamber  +  Drug 

7-17-84 

.5g  +  Drug 

7-20-84 

1 g  +  Drug 

7-24-84 

3g  +  Drug 

7-27-84 

5g  +  Drug 

8-7-84 

Baseline  +  Saline 

8-28-84 

Chamber  +  Saline 

6 

.0 

8 

.0 

0 

12 

'9 

9 

TABLE  20.  Response  Rates  for  Rat  8 


Condition 


3- 1 6-84  Base  I i ne 
3-23-84  Baseline 
3-27-84  Base  I i ne 

3- 30-84  Chamber 

4- 3-84  Chamber 

4-6-84  Chamber  +  Saline 
4-10-84  Chamber  +  Saline 
4-17-84  Chamber  +  Saline 
4-24-84  Chamber  +  Saline 


FR  FR  Rate  DRL  DRL  Rate  TO  TO  Rate 

Resp  Rate  (%  Cont)  Resp  Rate  (.%  Cont)  Resp  Rate  {%  Cont) 


4- 27-84 

5- 1-84 
5-4-84 
5-8-84 
5-1 1-84 
5-15-84 
5-18-84 
5-22-84 
5-25-84 

5- 29-84 

6- 1-84 
6-5-84 
6-12-84 


Chamber  +  Drug 
Chamber  +  Drug 
.5g  +  Drug 
Chamber  +  Drug 
1 g  +  Drug 
Chamber  +  Drug 
3g  +  Drug 
Chamber  +  Drug 
5g  +  Drug 
. 5g  +  1 kv  +  Drug 
1g  +  1 kv  +  Drug 
3g  +  1  kv  +  Drug 
3g  +  1 kv  +  Drug 


6-15-84  Chamber  +  Saline 

6-19-84  1g  +  1 kv  +  Drug 
6-22-84  . 5g  +  1 kv  +  Drug 

6-26-84  5g  +  1 kv  +  Drug 

6- 29-84  5g  +  1 kv  +  Drug 

7- 10-84  Chamber  +  Drug 

7-17-84  . 5g  +  Drug 

7-20-84  1g  +  Drug 

7-24-84  3g  +  Drug 

7- 27-84  5g  +  Drug 

8- 7-84  Baseline  +  Saline 


8-28-84  Chamber  +  Saline 


TABLE  21.  Response  Rates  for  Rat  9 


Date 

Cond i t i on 

3-16-84 

Base  1 1 ne 

3-23-84 

Base  1 i ne 

3-27-84 

Basel i ne 

3-30-84 

Chamber 

4-3-84 

Chamber 

4-6-M4 

Chamber  ■»  Saline 

4-10-84 

Chamber  +  Saline 

cc 

i 

r^ 

i 

Chamber*  +  Saline 

4-24-84 

Chamber  +  Saline 

4-2 /-84 

Chamber  +  Drug 

5-1-84 

Chamber  -t  Drug 

5-4-84 

.5y  +  Drug 

5-8-84 

Chamber  +  Drug 

5-1 1-84 

1 g  +  Drug 

5-15-84 

Chamber  7  Drug 

5-18-84 

3g  +  Drug 

5-22-84 

Chamber  +  Drug 

t 

K  J 
V_T 

1 

CO 

■C* 

5g  +  Drug 

5-29-84 

,5q  ■*  1  kv  +  Drug 

6-1-64 

1  g  +  1 kv  +  Drug 

6-5-84 

3g  +  1 kv  +  Drug 

6-12-84 

3q  +  1 kv  +  Drug 

*3 

X 

1 

1 

vC 

Chamber  +  Saline 

b- 1  (|-84 

1 g  +  1 kv  +  Drug 

6-2.  -84 

.5g  +  Ikv  +  Drug 

6-26-84 

5n  +  1 kv  +  Drug 

6-Z 0-84 

5y  +  1 kv  +  Drug 

7- 16-64 

Chamber  +  Drug 

7-1  '-64 

,5g  +  Drug 

1~.\  -84 

1g  +  Drug 

-24-64 

5g  +  Drug 

7- 7 "-84 

5g  +  Drug 

6 - /-84 

Base  1  i ne  +  Sa 1 i ne 

8-.  5-84 

Chamber  +  Saline 

FR 

Resp  Rate 

FR  Rate 
(%  Cont) 

DRL 

Resp  Rate 

3.745 

— 

.85 

3.734 

— 

.090 

3.156 

— 

.088 

3.510 

— 

.091 

3.375 

— 

.084 

3.555 

— 

.082 

3.659 

-- 

.088 

3.745 

— 

.082 

3.508 

-- 

.084 

3.275 

93.  1 

.115 

3.737 

106.3 

.102 

3.747 

106.5 

.098 

3.788 

107.7 

.111 

3.762 

107.0 

.093 

3.603 

102.4 

.095 

3.634 

103.3 

.103 

4.111 

116.7 

.120 

4.009 

1  14.0 

.122 

3.362 

95.6 

.112 

3.886 

110.5 

.126 

3.421 

97.3 

.109 

3.880 

110.3 

.102 

3.572 

— 

.086 

3.951 

112.3 

.119 

3.492 

99.3 

.113 

3.772 

107.3 

.101 

3 . 669 

104.3 

.114 

3.982 

113.2 

.  101 

3.165 

90.0 

.117 

3.665 

104.2 

.129 

3.432 

97.6 

.105 

3.915 

1  1  .3 

.117 

3.451 

-- 

.089 

3.193 

-- 

.085 

DRL  Rate  TO  TO  Rate 

(%  Cont)  Resp  Rate  (%  Cont) 


-- 

.062 

— 

.041 

-- 

— 

.036 

— 

— 

.030 

— 

-- 

.04  7 

-- 

— 

.034 

— 

— 

.043 

— 

— 

.048 

-- 

— 

.04  5 

-- 

133.7 

.060 

136.4 

1  18.6 

.051 

1  15.9 

114.0 

.050 

113.6 

129.1 

.055 

125.0 

108.1 

.068 

154.6 

110.5 

.047 

106.8 

119.8 

.077 

175.0 

1  39 . 5 

.087 

197.7 

141.9 

.058 

131.8 

130.2 

.056 

127.3 

146.5 

.062 

140.9 

126.7 

.045 

102.3 

118.6 

.076 

172.7 

-- 

.043 

-- 

138.4 

.048 

109.  1 

131  .4 

.077 

175.0 

117.4 

.04  7 

106.8 

132.6 

.064 

145.5 

117.4 

.064 

145.5 

136.0 

.061 

oo 

150.0 

.055 

134.1 

1/2.1 

.049 

111.4 

136.1 

.059 

1  v  4  .  1 

-- 

.n53 

-- 

.04  3 

table: 


~  a  ■*  t - r  *  or  R  a t  10 


Cond i t i on 


FR  pf-  RaTe  0)Rl  L'Fc  Ra  +  e  TO  TO  Rate 

Resp  Rate  <%  Cor* i  Resp  Ra*e  <$  Cent)  Resp  Rate  ( %  Cont) 


3- 1 6-84  Base  I i ne 
3-23-84  Basel i ne 
3-27-84  Base  I i ne 

3- 30-84  Chamber 

4- 3-84  Chamber 

4-6-84  Chamber  +  Saline 
4-10-84  Chamber  +  Saline 
4-17-84  Chamber  +  Saline 
4-24-84  Chamber  +  Saline 


4- 27-84 

5- 1-84 
5-4-84 
5-8-84 
5-1 1-84 
5-15-84 
5-18-84 
5-22-84 
5-25-84 

5- 29-84 
o- 1 -84 

6- 5-84 
6-12-84 


Chamber  +  Drug 
Chamber  +  Drug 
.5g  +  Drug 
Chamber  +  Drug 
1g  +  Drug 
Chamber  +  Drug 
3g  +  Drug 
Chamber  +  Drug 
5g  +  Drug 
. 5g  +  1 kv  +  Drug 
1g  +  1 kv  +  Drug 
3g  t  1 kv  +  Drug 
3g  +  1 kv  +  Drug 


6-15-84  Chamber  +  Saline 

6-19-84  1 g  +  1 kv  +  Drug 

6-22-84  ,5g  +  1 kv  +  Drug 

6-26-84  5g  +  1 kv  +  Drug 

6- 29-84  5g  +  1 kv  +  Drug 

7- 10-84  Chamber  +  Drug 

7-17-84  .5g  +  Drug 

7-20-84  1g  +  Drug 

7-24-84  3g  +  Drug 

7- 27-84  5g  +  Drug 

8- 7-84  Baseline  +  Saline 

8-2P-84  Chamber  +  Saline 


TABLE  23.  Average  Response  Rates  for  Rat  6 
Mean/S.  D.  of: 


Cond i t i on 

FR  Resp  Rate 

DRL  Resp  Rate 

TO  Resp  Rate 

Bast;  1  i  ne 

3. 561/. 080 

.080/. 002 

.043/. 003 

Chamber 

3. 433/. 025 

.079/. 002 

.083/. 042 

Chamber  +  Saline 

3. 379/. 262 

.082/. 003 

.044/. 003 

Chamber  +  Drug 

2. 759/. 550 

.097/. 003 

.046/. 004 

. bo  +  Drug 

2. 433/. 001 

.090/. 000 

.051/. 004 

1g  *-  Drug 

2.697/. 168 

.098/. 006 

.046/. 006 

3g  +  Drug 

2.445/. 123 

.1 13/. 006 

.036/. 01 1 

5g  +  Drug 

2. 850/. 033 

.  107/. 008 

.050/. 003 

. 5g  +  1 kv  +  Drug 

2. 587/. 051 

. 105/. 004 

.042/. 006 

Ig  +  1  kv  +  Drug 

2. 521/. 229 

. 1 17/. 012 

.043/. 005 

3g  +  1 kv  +  Drug 

2.794/. 105 

.095/. 005 

.055/. 005 

5g  +  1  kv  +  Drug 

2.705/. 1  10 

.093/. 003 

.045/. 004 

Centro  Is  (all) 

3. 454/. 210 

.081/. 003 

.050/. 023 

TABLE  24.  Average  Response  Rates  for  Rat  7 
Mean/S.  D.  of: 


Cond i t i on 

FR  Resp  Rate 

DRL  Resp  Rate 

TO  Resp  Rate 

Base  1 i ne 

3.359/. 128 

.085/. 003 

.038/. 002 

Chamber 

3. 472/. 056 

.086/. 003 

.044/. 001 

Chamber  +  Saline 

3. 538/. 072 

.081/. 005 

.041/. 004 

Chamber  +  Drug 

3. 520/. 417 

.082/. 005 

.046/. 005 

,5g  +  Drug 

3.446/. 161 

.086/. 003 

.041/. 005 

Ig  +  Drug 

3. 718/. 233 

.094/. 001 

.048/. 007 

3g  +  Drug 

3. 734/. 250 

.086/. 000 

.053/. 000 

5g  +  Drug 

3. 431/. 052 

.079/. 002 

.040/. 001 

. 5g  +  1 kv  +  Drug 

3.576/. 103 

.087/. 002 

.039/. 003 

1c  +  1 kv  +  Drug 

3 . 4 1 9/ . 1 34 

.091/. 005 

O 

X 

o 

o 

VJ1 

3c  +  1  kv  +  Drua 

3.000/ .683 

.081/. 006 

.045/. 009 

5q  +  1 kv  +  Drug 

3.731/. 2 5 7 

.085/. 002 

.045/. 001 

Cr n  trr  1  s  (all) 

3 . 3 1  :  / .  1 c  m 

.083/.'  04 

. 04 ’ / . 004 

u  *v  l*'v  w-j  yrj  w'i  »r; 


TABLE  25.  Average  Response  Rates  for  Rat  8 
Mean/S.  D.  of: 


Cond i t ion 


FR  Resp  Rate 


DRL  Resp  Rate 


TO  Resc 


Base  1 i ne 

3. 135/. 138 

.084/. 005 

.041/. 003 

Chamber 

3. 024/. 008 

.081/. 002 

.041/. 003 

Chamber  +  Saline 

3. 340/. 235 

.081/. 004 

.045/. 013 

Chamber  +  Drug 

2. 955/. 236 

.109/. 007 

.049/. 012 

.  5g  +  Drug 

2. 597/. 254 

.113/. 011 

.052/. 01 1 

,  g  +  Drug 

2.870/. 133 

.111/. 011 

.050/. 001 

3g  +  Drug 

2. 587/. 086 

.109/. 016 

.044/. 006 

5g  +  Drug 

3.1 19/. 244 

.103/. 004 

.044/. 006 

. 5g  +  Ikv  +  Drug 

3. 140/. 039 

. 113/. 007 

.051/. 015 

1 g  +  1 kv  +  Drug 

2.983/. 188 

.109/. 012 

.041/. 001 

3g  +  1 kv  +  Drug 

3.240/. 150 

. 1 14/. 006 

.043/. 008 

5g  +  1 kv  +  Drug 

2.408/. 104 

. 105/. 01 1 

.044/. 000 

Cont  ro 1 s  (all) 

3. 237/. 223 

.082/. 005 

.042/. 010 

TABLE  26.  Average  Response  Rates  for  Rat  9 
Mean/S.  D.  of: 


TO  Resp  Rate 


TABLE  27.  Average  Response  Rates  for  Rat  10 
Mean/S.  D.  of: 


Condition 

FR  Resp  Rate 

DRL  Resp  Rate 

TO  Resp  Rate 

Base  1 i ne 

2.362/. 152 

.076/. 002 

.045/. 007 

Chamber 

2. 171/. 760 

.079/. 002 

.030/. 004 

Chamber  +  Saline 

2. 647/. 291 

.080/. 004 

.043/. 005 

Chamber  +  Drug 

2. 420/. 297 

.127/. 010 

.048/. 009 

.5g  +  Drug 

2. 362/. 049 

.1 16/. 016 

.042/. 001 

1 g  +  Drug 

2. 491/. 003 

.  120/. 006 

.044/. 003 

3g  +  Drug 

2. 347/. 235 

.120/.  0U 

.045/. 004 

5g  +  Drug 

2.423/. 1 19 

. 1 13/. 01 1 

.042/. 002 

.  5g  +  1 kv  +  Drug 

2. 515/. 033 

. 1 12/. 003 

.045/. 003 

1g  +  1 kv  +  Drug 

2. 451/. 054 

.109/. 007 

.047/. 001 

3g  +  1 kv  +  Drug 

2. 493/. 41 1 

.111/. 007 

.040/. 003 

+  1 kv  +  Drug 

2. 074/. 034 

.1  16/. 001 

.045/. 001 

Control s  (all) 

2. 467/. 291 

.079/. 004 

.042/. 008 

TABLE  28. 

Summary  Response 

Rates  for  6,  7,  8, 

9,  and  10 

Mean/S.  D.  of: 


Cond i t i on 


FR  Resp 


DRL  Resp  Rate 


TO  Resp  Rate 


Base  1 i ne 

3. 192/. 474 

.082/. 005 

.043/. 007 

Chamber 

3. 108/. 501 

.082/. 004 

.046/. 027 

Chamber  +  Saline 

3. 289/. 398 

.082/. 004 

.043/. 007 

Base  line  +  Saline 

3. 318/. 544 

.085/. 004 

.046/. 004 

Chamber  +  Drug 

3.047/. 591 

.  105/. 017 

.050/. 01 1 

,5g  +  Drug 

2.859/. 525 

.  102/. 016 

.048/. 008 

1 g  +  Drug 

3. 098/. 538 

.107/. 014 

.050/. 008 

3g  +  Drug 

2. 929/. 609 

. 108/. 015 

.049/. 012 

5g  +  Drug 

3.  157/. 536 

. 104/. 015 

.047/. 007 

,5g  +  1 kv  +  Drug 

3. 041/. 426 

.106/. 01 1 

.048/. 013 

lg  +  1 kv  +  Drug 

3.058/. 573 

.  109/. 014 

.046/. 007 

3g  +  1 kv  +  Drug 

3. 035/. 547 

.  101/. 013 

.048/. 012 

5g  +  1 kv  +  Drug 

2. 927/. 695 

.  101/. 013 

.047/. 006 

Contro Is  (all) 

3. 257/. 455 

.082/. 004 

.044/. 01 3 

TABLE  29.  Average  Percent  Control  Response  Rates  for  Rat  6 

Mean/S.  D.  of: 


Condition 

FR  Resp  Rate 

DRL  Resp  Rate 

TO  Resp  Rate 

Chamber  +  Drug 

95.2/14.6 

127.5/22.1 

114.1/25.8 

.5g  +  Drug 

88.7/12.5 

124.6/20.0 

109.9/18.9 

1g  +  Drug 

95.9/11.6 

129.8/17.7 

115.3/20.7 

3g  +  Drug 

90.5/14.4 

131.9/20.4 

112.2/30.4 

5g  +  Drug 

97.5/10.4 

126.7/18.8 

106.4/15.1 

. 5g  +  1 kv  +  Drug 

94.4/10. 1 

128.6/13.8 

111.1/30.8 

Ig  +  1 kv  +  Drug 

94.7/13.3 

113.1/16.1 

105.1/16.8 

3g  +  Ikv  +  Drug 

94.2/15.2 

123.1/17.0 

1 10.3/25.2 

5g  +  1 kv  +  Drug 

89.8/14.2 

123.1/16.5 

107.3/14.9 

TABLE  30.  Average  Percent  Control  Response  Rates  for  Rat  7 

Mean/S.  D.  of: 


Cond i t ion 

FR  Resp  Rate 

DRL  Resp  Rate 

TO  Resp  Rate 

Chamber  +  Drug 

100.2/1 1.9 

99.0/5.8 

112.6/12.6 

. 5g  +  Drug 

98.2/4.6 

103.0/3.0 

98.6/1 1.0 

Ig  +  Drug 

105.9/6.6 

112.7/0.6 

117.1/17.1 

3g  +  Drug 

106.3/7.1 

103.6/0.0 

129.3/0.0 

5g  +  Drug 

97.7/1.5 

94.6/1 .8 

96.4/1.3 

. 5g  +  Ikv  +  Drug 

100.8/3.0 

104.2/1 .8 

95.1/7.3 

Ig  +  Ikv  +  Drug 

97.4/3.8 

109.7/6. 1 

107.3/12.2 

3g  +  1 kv  +  Drug 

85.4/19.5 

97.0/6.6 

108.6/20.8 

5g  +  1 kv  +  Drug 

106.3/7.2 

101 .8/1.8 

109.8/2.5 

TABLE  31 . 

Average  Percent  Control  Response  Rates 

for  Rat  8 

Mean/S . 

D.  of: 

Cond i t i on 

FR  Resp  Rate 

DRL  Resp  Rate 

TO  Resp  Rate 

Charnbt  r  +  Drug 

91.3/7.3 

133.3/9.0 

1  15.5/27.6 

. 5g  +  Drug 

80.7/7.3 

137.2/12.8 

123.8/26.2 

Ig  +  Drug 

88.7/4.1 

134.8/12.8 

119.1/2.4 

3g  +  Drug 

80.0/2.7 

132.3/18.9 

103.6/13. 1 

5g  +  Drug 

96.4/7.6 

125.6/4.9 

103.6/13. 1 

.  5<:  +  1  kv  +  Drug 

97.0/1.2 

1 37.2/7.9 

120.3/34.6 

1 g  +  1 kv  +  Drug 

92.2/5.9 

132. 3/14. C 

96.4/1 .2 

3c  +  Ikv  +  Drug 

100. 1/4.6 

138.4/6.7 

101 .2/17.9 

5q  +  1 kv  +  Drug 

74.4/3.2 

127.4/12.8 

104. 8/0. C 

TABLE  32.  Average  Percent  Control  Response  Rates  for  Rat  9 

Mean/S.  0.  of: 

Condition  FR  Resp  Rate  DRL  Resp  Rate  TO  Resp  Rate 


Chamber  +  Drug 

106.6/7.7 

124.8/10. 1 

137.9/29.6 

.5g  +  Drug 

98.3/8.3 

125.0/11 .0 

126.1/12.5 

1g  +  Drug 

105.6/1 .4 

129.1/21 .0 

144.4/10.3 

3g  +  Drug 

100.5/2.9 

121 .0/1 .2 

143.2/31.8 

5g  +  Drug 

112.7/1.4 

139.0/2.9 

133.0/1 .2 

.  5g  +  1 kv  +  Drug 

97.5/1 .9 

130.8/0.6 

151.2/23.9 

1 g  +  1 kv  +  Drug 

1 1 1 .4/0.9 

142.5/4. 1 

125.0/15.9 

3g  +  1 kv  +  Drug 

103.8/6.5 

122.7/4.1 

137.5/35.2 

5g  +  1 kv  +  Drug 

105.8/1.5 

125.0/7.6 

126.2/19.4 

TABLE  33. 

Average  Percent  Control  Response  Rates 

Mean/S.  D.  of: 

for  Rat  10 

Cond i t i on 

FR  Resp  Rate 

DRL  Resp  Rate 

TO  Resp  Rate 

Chamber  +  Drug 

98.1/12.1 

161.2/12.0 

114.3/21.1 

. 5g  +  Drug 

95.8/2.0 

146.9/20.3 

98.8/1.2 

' g  +  Drug 

101 .0/0. 1 

151.3/7.0 

104.8/7.2 

3g  +  Drug 

95.2/9.6 

151.3/0.7 

113.1/1.2 

5g  +  Drug 

98.2/4.8 

142.4/13.3 

100.0/4.8 

,5g  +  1 kv  +  Drug 

141 .8/3.8 

141.8/3.8 

106.0/6.0 

1g  +  1 kv  +  Drug 

99.4/2.2 

137.4/8.3 

1 1 1 .9/2.4 

3g  +  1 kv  +  Drug 

101 .1/16.7 

139.9/8.2 

95.3/7.2 

5g  +  1 kv  +  Drug 

84.1/1.4 

146.9/1 .3 

106.0/1.2 

TABLE  34.  Summary  of 

Average  Percent 

Control  Response  Rates 

for  Rat  6,  7, 

9,  and  10 

Mean/S 

.  D.  of: 

Cond i t i on 

FR  Resp  Rate 

DRL  Resp  Rate 

TO  Resp  Rate 

Chamber  +  Drug 

95.2/14.6 

127.5/22.1 

1 14.5/25.9 

•5g  +  Drug 

88.7/12.5 

124.6/20.0 

109.9/18.9 

1g  +  Drug 

95.9/11 .6 

129.8/17.7 

1 15.3/2C.7 

3g  +  Drug 

90.5/14.4 

128.0/6.8 

115.2/25.1 

5g  +  Drug 

96.4/12.4 

123.7/18.9 

106.4/15.1 

. 5g  +  1 kv  +  Drug 

94.4/10. 1 

128.6/13.8 

111.1/30.8 

1g  +  1 kv  +  Drug 

94.7/13.3 

133.1/16.1 

105.1/16.8 

3g  +  1 kv  +  Drug 

94.2/15.2 

123. 1/17.0 

1 10.3/25.2 

5g  +  1 kv  +  Drug 

89.7/14.2 

123.1/16.5 

107.3/14.9 

TABLE  35.  Response  Rates  for  Rat 

1 1 

FR  FR  Rate  DRL 

DRL  Rate 

TO 

TO  Rate 

Condition 

Resp  Rate  (%  Cont)  Resp  Rate 

(%  Cont) 

Resp  Rate 

(%  Cont) 

3-16-84 

3-23-84 

3-27-84 

3- 30-84 

4- 3-84 
4-6-84 
4-10-84 
4-17-84 
4-24-84 

4- 27-84 

5- 1-84 
5-3-84 
5-4-84 
5-8-84 
5-11-84 
5-15-84 
5-18-84 
5-22-84 
5-25-84 

5- 29-84 

6- 1-84 
6-5-84 
6-12-84 
6-15-84 
6-19-84 
6-22-84 
6-26-84 

6- 29-84 

7- 10-84 
7-17-84 
7-20-84 
7-24-84 

7- 27-84 

8- 7-84 
8-24-84 


Basel i ne 
Base  I i ne 
Chamber 
Chamber 
Base  I i ne 

Chamber  +  Saline 
Chamber  +  Saline 
Base  line  +  Saline 
Chamber  +  Saline 
Chamber  +  Drug 
Chamber  +  Drug 
Chamber 
.5g  +  Drug 
Chamber  +  Drug 
1 g  +  Drug 
Chamber  +  Drug 
3g  +  Drug 
Chamber  +  Drug 
5g  +  Drug 
.5g  +  1 kv  +  Drug 
1 g  +  1 kv  +  Drug 
3g  +  1 kv  +  Drug 
3g  +  1 kv  +  Drug 
Chamber  +  Saline 
1 g  +  1 kv  +  Drug 
. 5g  +  1 kv  +  Drug 
5g  +  1 kv  +  Drug 
5g  +  1 kv  +  Drug 
Chamber  +  Drug 
,5g  +  Drug 
1g  +  Drug 
3g  +  Drug 
5g  +  Drug 
Base  line  +  Saline 
Chamber  +  Saline 
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TABLE  36.  Response  Rates  for  Rat  12 


Cond i t i on 


FR  FR  Rate  DRL  DRL  Rate  TO  TO  Rate 

Resp  Rate  (%  Cont)  Resp  Rate  (%  Cont)  Resp  Rate  (%  Cont) 


3-16-84 

Base  1 i ne 

3-23-84 

Base  1 i ne 

3-27-84 

Chamber 

3-30-84 

Chamber 

4-3-84 

Base  1 i ne 

4-6-84 

Chamber  +  Saline 

4-10-84 

Chamber  +  Saline 

4-17-84 

Baseline  +  Saline 

4-24-84 

Chamber  +  Saline 

4-27-84 

Chamber  +  Drug 

5-1-84 

Chamber  +  Drug 

5-3-84 

Chamber 

5-4-84 

.5g  +  Drug 

5-8-84 

Chamber  +  Drug 

5-11-84 

1 g  +  Drug 

5-15-84 

Chamber  +  Drug 

5-18-84 

3g  +  Drug 

5-22-84 

Chamber  +  Drug 

5-25-84 

5g  +  Drug 

5-29-84 

,5g  +  1 kv  +  Drug 

6-1-84 

1 g  +  1 kv  +  Drug 

6-5-84 

3g  +  1 kv  +  Drug 

6-12-84 

3g  +  1 kv  +  Drug 

6-15-84 

Chamber  +  Saline 

6-19-84 

1 g  +  1 kv  +  Drug 

6-22-84 

.5a  +  1 kv  +  Drug 

6-26-84 

5g  +  1 kv  +  Drug 

6-29-84 

5g  +  1 kv  +  Drug 

7-10-84 

Chamber  +  Drug 

7-17-84 

.  5g  +  Drug 

7-20-84 

1 g  +  Drug 

7-24-84 

3g  +  Drug 

7-27-84 

5g  +  Drug 

8-7-84 

Baseline  +  Saline 

8-24-84 

Chamber  +  Saline 

J  1 1 


TABLE  37.  Response  Rates  for  Rat  13 


Cond i t i on 


FR  FR  Rate  DRL  DRL  Rate  TO  TO  Rate 

Resp  Rate  (%  Cont)  Resp  Rate  ($  Cont)  Resp  Rate  ($  Cont) 


3-16-84 

Base  1 i ne 

3-23-84 

Base  1 i ne 

3-27-84 

Chamber 

3-30-84 

Chamber 

4-3-84 

Base  1 i ne 

4-6-84 

Chamber  +  Saline 

4-10-84 

Chamber  +  Saline 

4-17-84 

Base  line  +  Saline 

4-24-84 

Chamber  +  Saline 

4-27-84 

Chamber  +  Drug 

5-1-84 

Chamber  +  Drug 

5-3-84 

Chamber 

5-4-84 

.5g  +  Drug 

5-8-84 

Chamber  +  Drug 

5-1 1-84 

1 9  +  Drug 

5-15-84 

Chamber  +  Drug 

5-18-84 

3g  +  Drug 

5-22-84 

Chamber  +  Drug 

5-25-84 

5g  +  Drug 

5-29-84 

. 5g  +  1 kv  +  Drug 

6-1-84 

1g  +  1 kv  +  Drug 

6-5-84 

3g  +  1 kv  +  Drug 

6-12-84 

3g  +  1 kv  +  Drug 

6-15-84 

Chamber  +  Saline 

6-19-84 

1 g  +  1 kv  +  Drug 

6-22-84 

.  5g  +  1 kv  +  Drug 

6-26-84 

5g  +  1 kv  +  Drug 

6-29-84 

5g  +  1 kv  +  Drug 

7-10-84 

Chamber  +  Drug 

7-17-84 

,5g  +  Drug 

7-20-84 

1g  +  Drug 

7-24-84 

3g  +  Drug 

7-27-84 

5g  +  Drug 

8-7-84 

Base  line  +  Saline 

8-24-84 

Chamber  +  Saline 

TABLE  38.  Response  Rates  for  Rat  15 


Cond i t ion 


FR  FR  Rate  DRL  DRL  Rate  TO  TO  Rate 

Resp  Rate  (%  Cont)  Resp  Rate  (%  Cont)  Resp  Rate  (%  Cont) 


3-16-84 

Base  1 i ne 

3-13-84 

Base  1 i ne 

3-77-84 

Chamber 

3-30-84 

Chamber 

4-3-84 

Base  1 i ne 

4-6-84 

Chamber  +  Saline 

4-10-84 

Chamber  +  Saline 

4-17-84 

Base  line  +  Saline 

4-74-84 

Chamber  +  Saline 

4-77-84 

Chamber  +  Drug 

5-1-84 

Chamber  +  Drug 

5-3-74 

Chamber 

5-4-84 

.5g  +  Drug 

5-8-84 

Chamber  +  Drug 

5-11-84 

1 g  +  Drug 

5-15-84 

Chamber  +  Drug 

5-18-84 

3g  +  Drug 

5-22-84 

Chamber  +  Drug 

5-75-84 

5g  +  Drug 

5-29-84 

.5g  +  1 kv  +  Drug 

6-1-84 

1 g  +  1 kv  +  Drug 

6-5-84 

3g  +  1  kv  +  Drug 

6-12-84 

3g  +  1 kv  +  Drug 

6-15-84 

Chamber  +  Saline 

6-19-84 

1 g  +  1 kv  +  Drug 

6-22-84 

,5g  +  1 kv  +  Drug 

6-26-84 

5g  +  1 kv  +  Drug 

6-29-84 

5g  +  1 kv  +  Drug 

7-10-84 

Chamber  +  Drug 

7-17-84 

. 5g  +  Drug 

7-20-84 

1g  +  Drug 

7-74-84 

3g  ■«  Drug 

7-. 7-84 

5g  +  Drug 

8-7-84 

Baseline  +  Saline 

8-24-84 

Chamber  +  Saline 

TABLE  39.  Average  Response  Rates  for  Rat  11 
Mean/S.  D.  of: 


IWV 


Condition 


FR  Resp  Rate 


DRL  Resp  Rate 


TO  Resp  Rate 


Base  1 i ne 

3. 445/. 093 

.069/. 006 

.022/. 005 

Chamber 

3. 348/. 006 

.068/. 004 

.022/. 008 

Chamber  +  Saline 

3.457/. 156 

.064/. 003 

.022/. 006 

Base  line  +  Saline 

3. 420/. 004 

.068/. 001 

.018/. 006 

Chamber  +  Drug 

3. 207/. 262 

.144/. 018 

.045/. 004 

•5g  +  Drug 

3. 318/. 268 

.154/. 014 

.036/. 009 

1g  +  Drug 

2. 480/. 367 

.155/. 009 

.047/. 000 

3g  +  Drug 

3. 152/. 41 1 

.136/. 021 

.031/. 003 

5g  +  Drug 

2. 221/. 071 

.  142/. 010 

.026/. 000 

. 5g  +  1 kv  +  Drug 

2. 938/. 728 

. 181/. 033 

.071/. 009 

1 g  +  1 kv  +  Drug 

2.068/. 343 

.212/. 084 

.088/. 050 

3g  +  1 kv  +  Drug 

2. 487/. 203 

.134/. 010 

.064/. 023 

5g  +  1 kv  +  Drug 

2.569/. 162 

.170/. 051 

.040/. 004 

Control s  (all) 

3. 430/. 118 

.067/. 004 

.022/. 006 

TABLE  40.  Average  Response  Rates  for  Rat  12 
Mean/S.  D.  of: 


Cond i t i on 


Base  I i ne 
Chamber 

Chamber  +  Saline 
Base  line  +  Saline 
Chamber  +  Drug 
. 5g  +  Drug 
1 g  +  Drug 
3g  +  Drug 
5g  +  Drug 
. 5g  +  1 kv  +  Drug 
1 g  +  1 kv  +  Drug 
3g  +  1 kv  +  Drug 
5g  +  1 kv  +  Drug 
Con+ro Is  (all) 


FR  Resp  Rate 


3. 588/. 261 
3. 814/. 232 
3. 372/. 233 
3. 746/. 223 
2. 751/. 294 
3. 229/. 271 
2. 827/. 455 
3. 038/. 232 
2. 957/. 001 
2. 767/. 317 
2. 903/. 216 
2. 854/. 057 
3.021/. 173 
3.582/. 300 


DRL  Resp  Rate 


.050/. 003 
.050/. 002 
.051/. 003 
.055/. 001 
.  132/. 028 
.  1 12/. 024 
.  125/. 003 
.  1 13/. 025 
.083/. 003 
.  151/. 033 
.  104/. 022 
.091/. 003 
.  102/. 005 
.051/. 003 


TO  Resp  Rate 


.022/. 004 
.018/. 002 
.014/. 005 
.021/. 006 
.068/. 036 
.029/. 017 
.042/. 023 
.050/. 016 
.034/. 022 
.088/. 033 
.069/. 026 
.032/. 004 
.027/. 010 
.018/. 006 


TABLE  41.  Average  Response  Rates  for  Rat  13 
Mean/S.  D.  of: 


Cond i t i on 


TABLE  42.  Average  Response  Rates  for  Rat  15 
Mean/S.  D.  of: 


FR  Resp  Rate 


DRL  Resp  Rate 


TO  Resp 


Base  1 i ne 

3. 859/. 660 

.081/. 004 

.028/. 012 

Chamber 

4. 539/. 014 

.078/. 005 

.023/. 009 

Chamber  +  Saline 

4. 163/. 405 

.083/. 004 

.024/. 006 

Base  line  +  Saline 

4.243/. 196 

.082/. 003 

.034/. 002 

Chamber  +  Drug 

3. 150/. 973 

.  154/. 036 

.074/. 048 

•5g  +  Drug 

3. 145/. 433 

.  150/. 031 

.081/. 033 

1 g  +  Drug 

3. 299/. 447 

.155/. 025 

.082/. 056 

3g  +  Drug 

3. 878/. 480 

. 121/. 001 

.054/. 008 

5g  +  Drug 

3. 680/. 204 

. 128/. 002 

.068/. 020 

.5g  +  1 kv  +  Drug 

3. 234/. 033 

. 127/. 002 

.030/. 002 

1 g  +  1  kv  +  Drug 

3.646/. 103 

.  136/. 006 

.076/. 034 

3g  +  1  uv  +  Drug 

3.729/. 197 

.  163/. 025 

. 060/.02& 

5g  +  1 kv  +  Drug 

3. 670/. 228 

. 129/. 005 

.033/. 006 

Contro Is  (all) 

4.  192/. 476 

.081/. 005 

. 026/ . 009 

TABLE  43.  Summary  Response  Rates  for  11,  12,  13,  and  15 

Mean/S.  D.  of: 


Cond i t i on 

FR  Resp  Rate 

DRL  Resp  Rate 

TO  Resp  Rate 

Base  1 i ne 

3.41 1/. 544 

.078/. 023 

.027/. 010 

Chamber 

3. 587/. 703 

.077/. 023 

.022/. 006 

Chamber  +  Saline 

3. 437/. 560 

.078/. 023 

.021/. 007 

Base  line  +  Saline 

3. 542/. 560 

.077/. 019 

.034/. 002 

Chamber  +  Drug 

2. 794/. 749 

.  162/. 045 

.074/. 048 

. 5g  +  Drug 

2. 978/. 529 

.  165/. 054 

.062/. 044 

1g  +  Drug 

2. 597/. 712 

. 170/. 044 

.068/. 048 

3g  +  Drug 

3. 153/. 584 

. 135/. 027 

.051/. 021 

5g  +  Drug 

2. 808/. 590 

. 139/. 044 

.041/. 025 

. 5g  +  1 kv  +  Drug 

2. 730/. 617 

.169/. 041 

.071/. 038 

1 g  +  1 kv  +  Drug 

2.669/  594 

.169/. 067 

.080/. 044 

3g  +  1  kv  +  Drug 

2. 855/. 556 

.155/. 054 

.048/. 023 

5g  +  1 kv  +  Drug 

2. 924/. 510 

. 152/. 049 

.034/. 010 

Control s  (all) 

3. 482/. 597 

.077/. 022 

.023/. 008 

%  > 


TABLE  44.  Average  Percent  Control  Response  Rates  for  Rat  11 

Mean/S.  D.  of: 


Cond i t i on 


FR  Resp  Rate 


DRL  Resp  Rate 


TO  Resp  Rate 


Chamber  +  Drug 

93.5/7.7 

214.9/27.3 

204.6/166.9 

.5g  +  Drug 

96.7/7.8 

229.2/20.2 

163.7/41.0 

1g  +  Drug 

72.3/10.7 

121.2/96.7 

213.6/0.0 

3g  +  Drug 

91.9/12.0 

203.0/31 .4 

138.7/11 .4 

5g  +  Drug 

64.8/2.1 

21 1 .2/14.2 

118.2/0.0 

,5g  +  1 kv  +  Drug 

86.7/21.3 

270.2/49.3 

322.7/40.9 

1g  +  1 kv  +  Drug 

60.3/10.0 

315.7/124.7 

400.0/227.3 

3g  +  1 kv  +  Drug 

72.5/5.9 

200.0/14.9 

288.7/102.3 

5g  +  1 kv  +  Drug 

74.9/4.7 

253.8/76.2 

179.6/16.0 

TABLE  45. 


Average  Percent  Control  Response  Rates  for  Rat  12 
Mean/S.  D.  of: 


Cond i t ion 


FR  Resp  Rate 


DRL  Resp  Rate 


TO  Resp  Rate 


Chamber  +  Drug 

76.8/8.2 

258.8/54.5 

376.9/201.2 

• 5g  +  Drug 

90.2/7.6 

219.7/47. 1 

161 .2/94.5 

lg  +  Drug 

78.9/12.7 

244.1/4.9 

230.6/105.0 

3g  +  Drug 

84.8/6.5 

221 .6/49.0 

275.0/86. 1 

5g  +  Drug 

82.6/0.3 

161 .8/4.9 

188.9/122.2 

. 5g  +  1 kv  +  Drug 

77.3/8.9 

296.1/64.7 

486.2/180.6 

lg  +  1 kv  +  Drug 

81.1/6.1 

260.8/100.0 

383.4/144.5 

3g  +  1  kv  +  Drug 

79.7/1  .6 

178.5/5.9 

175.0/19.4 

5g  +  1 kv  +  Drug 

84.3/4.8 

199.0/8.8 

147.2/52.8 

TABLE  46. 


Cond i t i on 


Chamber  +  Drug 
.  5g  +  Drug 
lg  +  Drug 
3g  +  Drug 
5g  +  Drug 
. 5g  +  1 kv  +  Drug 
1 g  +  1 kv  +  Drug 
3g  +  1  kv  +  Drug 
5g  +  1 kv  +  Drug 


Average  Percent  Control  Response  Rates  for  Rat  13 
Mean/S.  D.  of: 


FR  Resp  Rate 


75.7/20.6 

81.3/2.6 

65.3/18.8 

93.2/1 .4 

87.0/6. 1 

72.6/6.9 

75.5/3.6 

86.2/3.7 

89.3/2.4 


DRL  Resp  Rate 


194.6/33.9 

220.3/23.0 

209.9/13.5 

152.3/6.3 

184.7/5.4 

194.2/12.2 

200.9/20.7 

207.7/23.9 


TO  Resp  Rate 


508.1/295.9 
374.1/192.6 
377.8/200.0 
261.2/87. 1 
170.4/92.6 
351 .9/163.0 
327.8/209.3 
1 35.2/35.2 
131.5/53.7 


187.0/16.7 


s  s 


TABLE  50.  Response  Rates  for  all  Exposure  Conditions  for  Rat  2 


CONTROL  (Mean/SD) 


TABLE  51.  Response  Rates  for  all  Exposure  Conditions  for  Rat  3 


SHAM 


Date 

FR 

DRL 

TO 

8-15-84 

2.670 

.071 

.016 

8-16-84 

2.752 

.073 

.028 

4-26-84 

3.004 

.068 

.025 

4-27-84 

3.020 

.069 

.027 

4-23-84 

2.878 

.075 

.021 

4-24-84 

2.913 

.079 

.007 

9-27-84 

2.691 

.073 

.033 

9-28-84 

2.869 

.077 

.018 

10-18-84 

2.710 

.074 

.023 

10-19-84 

2.812 

.071 

.013 

OSCILLATING 


Date 

FR 

DRL 

TO 

4-30-84 

2.858 

.076 

.028 

5-1-84 

3.019 

.072 

.017 

5-21-84 

2.936 

.062 

.019 

5-22-84 

2.571 

.070 

.007 

8-20-84 

2.540 

.068 

.077 

8-21-84 

2.707 

.073 

.028 

8-23-84 

2.851 

.077 

.016 

8-24-84 

2.870 

.069 

.031 

8-27-84 

2.837 

.076 

.016 

8-28-84 

2.897 

.074 

.022 

COMBINED  FIELDS 


Date 

FR 

DRL 

TO 

9-6-84 

2.897 

.074 

.022 

9-7-84 

2.877 

.092 

.013 

9-13-84 

2.909 

.072 

.010 

9-14-84 

2.851 

.087 

.018 

9-17-84 

2.709 

.070 

.019 

9-18-84 

2.619 

.083 

.037 

9-24-84 

2.740 

.075 

.01  1 

9-25-84 

2.876 

.096 

.037 

10-11-84 

2.835 

.075 

.005 

10-12-84 

2.581 

.089 

.015 

STATIC 

Date 

FR 

DRL 

TO 

10-22-84 

2.581 

.070 

.025 

10-23-84 

3.039 

.073 

.009 

10-25-84 

2.917 

.071 

.010 

10-26-74 

2.847 

.075 

.007 

11-1-84 

2.679 

.072 

.018 

11-2-84 

2.758 

.075 

.025 

1 1-8-84 

2.827 

.073 

.01  1 

11-9-84 

2.654 

.074 

.013 

11-19-84 

2.403 

.078 

.01  1 

11-20-84 

2.460 

.068 

.029 

CONTROL  (Mean/SD) 


FR 


DRL 


TO 


TABLE  54.  Percent  Control  Response  Rates  for  All  Exposures  For  Rat  1 


SHAR 


Date 

FR 

DRL 

TO 

8-16-84 

104.3 

100.0 

100.0 

4-24-84 

103.7 

115.9 

145.4 

4-27-84 

94.3 

107.9 

109. 1 

9-28-84 

103.9 

107.9 

63.6 

10-19-84 

103.4 

100.0 

86.4 

X  =  101.9/3.8 

X  =  106.3/5.9 

X  =  100.9/27 

OSCILLATING 


Date 

FR 

DRL 

TO 

5-1-84 

98.6 

115.9 

100.0 

5-22-84 

98.1 

111.1 

50.0 

8-21-84 

106.9 

107.9 

109.1 

8-24-84 

105.9 

104.8 

204.5 

8-28-84 

105.7 

122.2 

68.2 

X  =  103.0/3.9 

X  =  112.4/6.1 

X  =  106.4 

STATIC 


Date 

FR 

DRL 

TO 

10-23-84 

100.5 

101.6 

86.4 

10-26-84 

98.6 

1  14.3 

68.2 

11-2-84 

79.7 

114.3 

109.1 

1  1-9-84 

101.2 

96.8 

104.5 

11-20-84 

103.9 

120.6 

81.8 

X  =  96.8/8.7 

X  =  109.5/8.9 

X  =  90.0/15 

COMBINED  FIELDS 


Date 


FR 


DRL 


TO 


9-7-84 

9-14-84 

9-18-84 

9- 25-84 

10- 12-84 


98.5 

136.5 

100.1 

123.8 

98.9 

141.3 

103.  1 

133.3 

101  .6 

149.2 

100.4/1.7 

X  =  136.8/8.4 

68.2 

109. 1 

68.2 

68.2 
131.8 
89.1/26.6 


X 


TABLE  55.  Percent  Control  Response  Rates  for  All  Exposures  For  Rat  2 


SHAM 

Date 

FR 

DRL 

TO 

8-16-84 

98.5 

101.9 

165.0 

4-24-84 

91  .6 

109.3 

60.0 

4-27-84 

102.5 

85.2 

35.0 

9-28-84 

103.6 

92.6 

55.0 

10-19-84 

104.7 

103.7 

55.0 

X  =  106.2/4.8 

X  =  96.5/8.6 

X  =  74.6/46.3 

OSCILLATING 

Date 

FR 

DRL 

TO 

5-1-84 

102.6 

103.7 

55.0 

5-22-84 

85.5 

107.4 

70.0 

8-21-84 

102.3 

98.1 

85.0 

8-24-84 

101.4 

103.7 

115.0 

8-28-84 

100.9 

107.4 

54.5 

X  =  98.5/6.5 

X  =  104.1/3.4 

X  =  75.9/22.5 

STATIC 

Date 

FR 

DRL 

TO 

10-23-84 

104.6 

96.3 

65.0 

10-26-84 

108.6 

109.3 

125.0 

1 1-2-84 

111.7 

107.4 

70.0 

1 1-9-84 

104.1 

98.1 

70.0 

11-20-84 

88.8 

92.6 

140.0 

X  =  103.6/7.9 

X  =  100.7/6.5 

X  =  94.0/31.8 

COMBINED  FIELDS 


Da+e 

FR 

DRL 

TO 

9-7-84 

98.7 

135.2 

90.0 

9-14-84 

99.3 

151.9 

145.0 

9-18-84 

95.7 

124.1 

135.0 

9-75-84 

104.0 

124.1 

55.0 

10-12-84 

89.0 

127.8 

70.0 

X  =  97.3/4.9 

X  =  132.6/10.5 

X  =  r-9.0/35 . 4 

TABLE  56.  Percent  Control  Response  Rates  for  All  Exposures  For  Rat  3 


SHAM 


Date 

FR 

DRL 

TO 

8-16-84 

99.2 

106.0 

133.3 

4-24-84 

105.0 

108.2 

33.3 

4-27-84 

108.9 

94.5 

128.6 

9-28-84 

103.4 

105.5 

85.7 

10-19-84 

101  .4 

104.2 

61  .9 

X  =  103.6/3.3 

X  =  102.5/4.8 

X  =  88.6/38.4 

Date 

OSCILLATING 

FR 

DRL 

TO 

5-1-84 

108.8 

98.6 

81  .0 

5-22-84 

92.7 

95.9 

33.3 

8-21-84 

97.6 

100.0 

133.3 

8-24-84 

103.5 

94.5 

147.6 

8-28-84 

104.4 

101  .4 

104.8 

X  =  101.4/5.6 

X  =  98.1/2.6 

X  =  100.0/40.5 

STATIC 


Date 

FR 

DRL 

70 

10-23-84 

109.6 

100.0 

42.9 

10-26-84 

102.6 

102.7 

33.3 

11-2-84 

99.4 

102.7 

119.4 

1 1-9-84 

95.7 

101  .4 

61.9 

11-20-84 

88.7 

X  =  99.2/7.0 

93.2 

X  =  100.0/3.5 

138.1 

X  =  79.1/42 

COMBINED  FIELDS 

Date 

FR 

DRL 

TO 

9-7-84 

103.7 

126.0 

61 .9 

9-14-84 

102.8 

119.2 

85.7 

9-18-84 

94.4 

113.7 

176.2 

9-25-84 

103.7 

131  .5 

176.2 

10-12-84 

93.0 

121.9 

71  .4 

X  =  99.5/4.8 

X  =  122.5/6.0 

X  =  1 14.3/51 

X 


TABLE  57.  Percent  Control  Response  Rates  for  All  Exposures  For  Rat  4 


SHAM 


Date 

FR 

DRL 

TO 

8- 1 t>-84 

106.0 

103. 1 

182.4 

4-24-84 

101  .8 

93.8 

111.8 

4-27-84 

101.2 

101.5 

170.6 

9-28-84 

90.1 

106.2 

82.4 

10-19-84 

106.4 

1  10.8 

70.6 

X  =  101.1/5.9 

X  =  103.1/5.6 

X  =  123.6 

OSCI LLATINC 


Date 

FR 

DRL 

TO 

5-1-84 

104.2 

96.9 

152.9 

5-22-84 

98.2 

103.1 

29.4 

8-21-84 

98.5 

90.8 

164.7 

8-24-84 

96.2 

1  16.9 

100.0 

8-28-84 

97.7 

92.3 

217.6 

X  =  99.0/2.7 

X  =  100.0/9.5 

X  =  132.9/63.8 

STat 1 C 

Date 

FR 

10-23-84 

100.1 

10-26-84 

93.8 

1  1-2-84 

90.4 

1 1-9-84 

93.9 

1 1-20-84 

76.2 

X  =  90.9/8.0 

DRL 

TO 

100.0 

129.4 

92.3 

41.2 

98.5 

76.5 

93.8 

52.9 

101.5 

88.2 

97.2/3.6 

X  =  77.6/30.8 

COMBINED 


Date 

FR 

DRL 

TO 

9-7-84 

98.6 

107.7 

158.8 

9-14-84 

102.3 

89.2 

111.8 

9-18-84 

100.7 

113.8 

88.2 

9-25-84 

99.9 

126.2 

64 . 7 

10-12-84 

101  .6 

109.2 

100.0 

X  =  100.6/1.7 

X  =  109.2/11.9 

X  =  104.7, 

TABLE  58. 

Percent  Control  Response  Rates  for  All 

Exposures 

For  Rat  5 

SHAM 

Date 

FR 

DRL 

TO 

8-16-84 

103.7 

98.3 

94.7 

4-24-84 

98.6 

90.0 

78.9 

4-27-84 

102.7 

100.0 

78.9 

9-28-84 

96.9 

93.0 

142.1 

10-19-84 

98.1 

100.0 

1  10.5 

X  =  100.0/2.7 

X  *  96.3/4.0 

X  = 

101.0/23.6 

OSCILLATING 

Da+e 

FR 

DRL 

TO 

5-1-84 

98.3 

88.3 

63.2 

5-22-84 

104.9 

101.7 

126.3 

8-21-84 

100.5 

86.7 

115.8 

8-24-84 

97.8 

101  .7 

173.7 

8-28-84 

97.1 

88.3 

136.8 

X  =  99.7/2.8 

X  =  93.3/6.9 

X  = 

123.2/36.8 

STAT 1 C 

Date 

FR 

DRL 

TO 

10-23-84 

99.5 

98.3 

163.2 

10-26-84 

102.0 

1  10.0 

94.7 

11-2-84 

99.1 

105.0 

115.8 

11-9-84 

91  .2 

85.0 

68.4 

11-20-84 

97.9 

103.3 

42.1 

X  =  97.6/3.6 

X  =  100.3/8.5 

X  = 

96.8/41.4 

COMBINED  FIELDS 

Date 

FR 

DRL 

TO 

9-7-84 

98.9 

145.0 

84.2 

9-14-84 

101.9 

156.7 

84.2 

9-18-84 

98.1 

148.3 

89.5 

9-25-84 

105.5 

140.0 

136.8 

10-12-84 

96.8 

131.7 

84.2 

X  =  100.2/3. 1 

X  =  144.3/8.3 

X  = 

95.8/20.6 

*  L'i a*-  V.- , 

